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EFFICACY OF BACILLUS THURINGIENSIS BERLINER 
AGAINST BIHAR HAIRY CATERPILLAR, SPILARCTIA 
OBLIQUA (WALKER) (LEPIDOPTERA : ARCTIIDAE) 
The use of bapterium, particuiariy-i "gac/Z/us thuringiensis Berliner 
appear to be the rrK^sf appropriate ;prop.osition in the recent concept of 
integrated pest management due to its safety.fo human being and non-target 
organisms. 
For the development of moJie potent entomopathogenic proteins and 
for eventual enlargement of the target spectrum it is necessary to analyze 
more subspp/strains to evaluate the contribution of each one in pest 
management. Keeping this in view author has made concerted efforts on 
various aspect of B. thuringiensis in respect of Spilarctia obliqua (Walker), in 
the light of earlier findings under the following heads. 
To detennine the LC50 value of different 6. thuringiensis subspp/strains 
against susceptible and relatively less susceptible population of S. obliqua. To 
determine the most susceptible larval stage of S. obliqua against different 
B. thuringiensis subspp/strains. Effect of residual efficacy of different 
B. thuringiensis subspp/strains on larval mortality. Effect of lethal and sub-lethal 
concentration of Dipel on post embryonic development. Effect of Dipel in 
combination with synthetic chemical insecticide and biochemical changes in 
treated insect in respect of pathogenicity caused by Dipel have also been 
studied. 
1. RELATIVE EFFICACY OF DIFFERENT B. THURINGIENSIS 
SUBSPP/STRAINS AGAINST SUSCEPTIBLE POPULATION OF 
S. OBLIQUA 
Bioassays were done separately with each of five 6. thuringiensis 
subspp. viz., Bt galleriae, Bt sotto, Bt entomocidus, Bt thuringiensis and 
Bt aizawai; Four S. thuringiensis strains viz., Btk path-1, Btk HD-1, Sf/c HD-73 
and Bt N1C1 along with commercial formulation Dipel to determine the 
bioefficacy of each microbial pathogen against third instar larvae of Spilarctia 
obliqua (Walker). 
In the present study attempts have been made to evaluate the 
comparative efficacy of different 8. thuringiensis subspp/strains against the 
larvae of S. obliqua collected from Aligarh (Uttar Pradesh) field. 
Results have shown that all the B. thuringiensis subspp/strains tested 
offered an effective control of the test insect. Btl< HD-73 manifested its 
superiority over the other tested subspp/strains. Btl< HD-73 was closely 
followed by Bt sotto. The next in the order of efficacy was Bt aizawai in 
relation with larval mortality of S. obliqua. However, next in the line of efficacy 
were Bt N1C1, Btk HD-1, Bt thuringiensis and Dipel, respectively. Last group 
of efficacy was formed by Bt entomocidus, Bt galleriae and Btk path-1 against 
the larvae of S. obliqua. 
As regards LC50 values, it was found to be the lowest in case of 
Btk HD-73 and the highest for Btk path-1 against, S. obliqua larvae. The LC50 
value, in ascending order, for different subspp/strains were as follows: 
Btk HD-73, Bt sotto, Bt aizawai, 8f N1C1, Btk HD-1, Bt thuringiensis, Dipel, Bt 
entomocidus, Bt galleriae and lastly Btk Path-1. 
subspp/strains. This variation may be due to some fringe heterogeneity in 
the population 
4. EFFICACY OF SELECTED B. THURINGIENSIS SUBSPP / STRAINS 
AGAINST DIFFERENT LARVAL STAGES OF S. OBLIQUA 
The results on efficacy of B. thuringiensis subspp/strains against 
different instars of S. obliqua make it apparent that all the instars were 
susceptible to the treatment of all ten used B. thuringiensis subspp/strains. 
The first instar larvae were found to be the most susceptible to the pathogen, 
while second and third instar larvae were next in order or susceptibility. The 
advance stage larvae (fourth, fifth and sixth instar) of S. obliqua were 
comparatively less susceptible to the tested subspp/strains in temis of mortality. 
In the present study poor response of tested 6. thuringiensis 
subspp/strains to older larvae of S. obliqua was probably due to the lower 
concentration of pathogen used. Besides the concentration of B. thuringiensis 
different subspp/strains are also responsible for manifesting different 
response in terms of mortality to the test insect. 
In the present study Btk HD-73 was found superior over all others tested 
B. thuringiensis subspp/strains against all the stages of S. obliqua. However, 
Btk path-1 was found least effective against all the tested instars of S. obliqua. 
Among the six larval stages males and females, the first instar, in 
comparison to second instar was found to be more susceptible to all the 
tested 6. thuringiensis subsp/strains except Dipel, Bt galleriae and Btk path-1, 
which registered significantly low mortalities. The second instar in comparison 
to third instar was found more susceptible except Bt sotto and Btk HD-73 
which registered equal mortality in both the instars. The third instar in 
comparison to fourth instar registered higher mortality to all the tested 
B. thuhngiensis subsp/strains. However, fourth instar in comparison to fifth 
instar registered higher mortality. Likewise fifth instar in comparison to sixth 
instar caused higher mortality to all the tested B. thuhngiensis subsp/strains. 
As regard the larval mortality, the present results indicate that first instar 
larvae registered maximum mortality whereas the larvae of third instar 
recorded low mortality and sixth instar larvae registered least larval mortality. 
5. RESIDUAL EFFICACY OF SELECTED B. THURINGIENSIS 
SUBSPP/ STRAINS AGAINST S. OBLIQUA LARVAE 
The present finding clearly indicate that exposure of S. obliqua larvae 
to different B. thuhngiensis subspp/strains at 0.1 per cent for shorter period 
(24 and 48 hours) resulted in less mortality of insects whereas, the extension 
of exposure period (48-72 hours) imparted higher per cent mortality of the test 
insect. Considering the effect of exposure period on relative efficacy, it was 
found that when the larvae were exposed for longer duration less 
concentrations were required to give 50 per cent mortality of S. obliqua. 
However, higher concentrations were needed when larvae were exposed for 
shorter duration. This indicates that exposure period has a negative 
co-relation with relative efficacy of 6. thuhngiensis subspp/strains against 
S. obliqua larvae. 
In the present investigation Btk HD-73 was found to be the most 
persistent and Btk path-1 the least persistent biopesticide. 
6. EFFECT OF LETHAL CONCENTRATION (LC50) OF DIPEL ON THE 
POST EMBRYONIC DEVELOPMENT OF S. OBLIQUA 
It is evident from the results of the experiment that lethal concentration 
of Dipel had marked effect on the larval development. The surviving larvae of 
S. obliqua were found significantly shorter in length and lighter in weight when 
compared with control. Infected larvae also manifested prolongation in larval 
duration besides poor pupation. In the present study author has also recorded 
the significant larval mortality in case of S. obliqua. 
In the present investigation it was also observed that the pupae of 
S. obliqua, formed from the Dipel treated larvae were smaller in length and 
lighter in weight. Further, they took more time to reach the adult stage. 
Considering the emergence of adult from the treated larvae, the present 
author has noted the poor emergence of S. obliqua moth when the larvae 
were treated with Dipel at 0.075 per cent concentration. 
Present author also noted that the moths emerged from the treated 
larvae were significantly smaller in size and oviposited less in comparison to 
moths emerged from the untreated larvae. It has been further observed that 
the life span of such moth was remarkably shorter than those emerging from 
the healthy larvae. As regards the viability of eggs, it is obvious from the 
results that there was no significant effect on hatching of eggs laid by the 
moth emerged from the treated and untreated larvae of S. obliqua. 
On the basis of overall development of treated larvae, it can be inferred 
that larvae of S. obliqua, after intoxication with lethal concentration of Dipel 
elicited detrimental effect on the biology of the experimental insect. 
7. EFFECT OF SUB-LETHAL CONCENTRATION (LC20) OF DIPEL ON 
THE POST EMBRYONIC DEVELOPMENT OF S. OBUQUA 
In the present study, author has also observed prolongation of larval 
duration, reduction in larval length, weight and poor pupation when the larvae 
of S. obliqua were exposed to sub-lethal concentrations of Dipel. 
With regards to pupal development of S. obliqua, it is obvious from the 
results that pupae fomned from the Dipel treated larvae were comparatively 
lighter in weight, shorter in size, took longer period for attaining the adult 
stage and resulted in poor emergence as compared to untreated control. 
The results on adult development clearly demonstrated that size of 
adult moth (body length and wing expanse) was not affected considerably by 
the larval treatment. However, there was a reduction in fecundity and longevity 
when compared with control. As far as viability of eggs is concerned, the results 
of present investigation revealed that eggs laid by the moths emerged from 
treated larvae did not show any significant variation in their viability. 
On the basis of forgoing results, it can be inferred that sub-lethal dose 
of Dipel results in prolongation of larval and pupal period and reduction in their 
length and weight in addition to declination in fecundity of the test insect. 
8. EFFECT OF DIPEL ON THE pH OF HAEMOLYMPH AND MIDGUT 
In the present study, the pH of haemolymph of seven days old untreated 
larvae was found acidic and it changed to alkaline when treated with Dipel. 
As regards the pH of midgut content, the present study demonstrate that it was 
alkaline in the healthy larvae, while it changed after the treatment. A gradual 
decrease in the pH of the gut content was noted just 24 hours after the treatment 
and it declined to the extent of 7.13, 96 hours after the infection. 
On the basis of preceding results it could be concluded that Dipel 
undoubtedly increase the pH of haemolymph, but reciprocally decreases 
the pH of nnidgut. 
It may be concluded that the treatment of B. thuhngiensis to the larvae of 
S. obliqua increases the haemolymph pH and reciprocally decrease the pH of gut 
content and this leads to general paralysis and finally the death of insect occurs. 
9. EFFECT OF DIPEL ON HAEMOLYMPH PROTEIN 
In the present study results indicate gradual fall of haemolymph protein 
in S. obliqua and it declined remarkably prior to the moribund stage of the test 
insect. Twenty four hours after the treatment, there was 40.97 per cent fall in 
the haemolymph protein content whereas, at 96 hours after the treatment this 
fall reached to 64.78 per cent. The fall in haemolymph protein may be 
possibly because of cessation of feeding which finally results in starvation. It 
has further been observed that as the starvation period advances, the protein 
content in the haemolymph of treated insect decreases. 
Thus, from the forgoing discussion, it can be concluded that loss of 
haemolymph protein in S. obliqua larvae, treated with Dipel is mainly due to 
starvation. 
10. EFFICACY OF DIPEL IN COMBINATION WITH INSECTICIDE 
AGAINST THE LARVAE OF S. OBLIQUA 
In this study the efficacy of Dipel alone and in combination with chlorpyrifos 
and endosulfan against third instar larvae of S. obliqua was evaluated. 
Present findings revealed that Dipel at LCso concentration (0.075 per cent) in 
combination with chlorpyrifos (0.04 per cent) or endosulfan (0.07 per cent) 
resulted maximum mortality of S. obliqua larvae. 
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It was also noticed that Dipel at LC50 and LC20 value was compatible 
with chennical insecticides, at eight days after the treatment however, poor 
results were obtained at 24 hours after the treatment in case of Dipel alone 
against S. obliqua larvae. 
It is obvious from the forgoing discussion that detailed investigations 
are warranted with the toxicity of insecticides and the pathogen when they are 
used alone or in combination so as to arrive at a definite conclusion. 
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INTRODUCTION 
It is a well-established fact that weather, insects, and plant diseases 
affect agricultural products. The integration between the two out of the three 
and sometimes among all the three is so complicated that it becomes difficult 
to determine the actual origin of trouble. Insects are one of the main natural 
hazards to any agricultural products, comprise a remarkable group in animal 
kingdom accounting 70 per cent of all the animals present in this universe. 
Damage caused by them in one or the other way is incompatible and to 
estimate, it is really a hard nut to crack. It may be safely stated that next to the 
vagaries of climate insects aggravate the farmer's problem the worid over. 
The human desire to control insects has existed about as long as 
humans themselves have. As the worid's population increases, the need to 
keep away insects from destroying food crops becomes even more urgent. 
Currently insects destroy 13 per cent of American crops intended for human 
consumption. The figure is even higher woridwide (Miller, 1998). 
Since olden days insect pest control has been practiced in one or the 
other form. Greek Philosopher Homer reported the use of sulfur for fumigation 
and other pest control uses (1000 B.C). Pliny the elder reported pest control 
practices from Greek literature (70 A.D) including use of pepper, tobacco 
extracts, soapy water, vinegar, turpentine, fish oil and brine etc. One of the 
most spectacular episode of insect control began in 1945-46 with the 
commercial introduction of the synthetic insecticides like DDT. For the last five 
decades, with the discovery of organochlorines, organophosphorus, 
organocarbamates and synthetic pyrethroids, chemical insecticides have 
been the backbone of insect control. Human attempts at insect control have 
changed over time from natural methods to synthetic chemical control, and 
now, again, we look to natural methods to over come the demerits associated 
with synthetic chemical insecticides. 
Long-term exposure to these synthetic insecticides, like DDT has been 
associated with cancer, liver damage, immunotoxicity, birth defects, and 
reproductive problems in humans and other animals (Kegley and Wise, 1998). 
When an insecticide is repeatedly applied against a population, 
unaffected individuals survive to pass their genes on to following generations. 
Over time, a greater and greater proportion of the insect population is 
unaffected by the insecticide. In addition to the damage done by the 
increasingly large number of surviving resistant insects, pest resurgence, 
attempts to control insecticide resistance can indirectly cause secondary pest 
outbreaks that do yet more crop damage (Hoy, 1998). 
Unfortunately insects have developed resistance to most of the 
synthetic chemical insecticides that are used widely. The first reported cases 
of resistance to early synthetic insecticides occurred over 50 years ago. About 
thirty years later, in 1979, the United Nations Environmental Programme 
declared pesticide resistance "one of the world's most serious environmental 
problem". Its seriousness to the environment has posed a burning and 
alarming situation from documented adverse effects on the beneficial insects, 
wild life, human (through food chain), spread of disease by resistant insects, 
addition to the environment of new and potentially dangerous insecticides to 
which pests have already gained resistance (Pimentel and Burgess, 1985). 
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With the growing realization of hazards and side effects connected with 
the extensive and indiscriminate use of pesticides, entomologists have 
adopted a new concept of pest control, termed as Integrated Pest 
Management (IPM) which refers to a system that utilizes all suitable 
techniques and methods in as compatible manner as possible and maintain 
the pest population at levels below those causing economic threshold 
(Mathurand Prem, 1987). 
In this context, the role of bio-control agents viz., parasites, predators, 
and microbes need no emphasis due to their specificity, effectiveness, safety 
to non-targeted organisms including pollinators and natural enemies besides 
the other components in relation to man and biosphere. 
Microbial products have a long history of safe use and most of the 
microbial agents are compatible with other methods of pest control. In recent 
years, entomologists are leaning their attention on the exploration of microbial 
agents including viruses, bacteria and fungi for pest suppression. Facultative 
pathogens of some insect species are commonly used as a biopesticides or 
microbial control agent. Interestingly, some of them have been widely tested 
and proved very effective against pernicious pests of agricultural crops. In 
certain developing and developed countries a number of microbial bio-
pesticides have been registered for field application on various vegetables, 
fruits and other crops of agricultural, horticultural and forest importance. 
Of the large number of microbial species belonging to all the major 
groups like viruses, fungi, and bacteria, the bacterial pathogens have been 
exploited the most and are recommended as potential biocontrol agent for the 
control of major insect pests. 
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Bacteria are prokaryotic, unicellular organisms varying in size from less 
than 1 |jm to several pm in length along with spherical, rod shaped and spiral 
in shape. Most of the insect pathogenic bacteria occur under the families 
Bacillaceae, Pseudomonadaceae, Enterobacteriaceae and Sterptococcaceae 
(Tanada and Kaya, 1993). Members of Bacillaceae, particularly Bacillus spp. 
have received maximum attention as microbial control agents. 
The classical example of such bacterial pathogen is Bacillus thuringiensis 
Berliner which occupied 90 per cent of the world bio-pesticides market and is 
pathogenic to more than 525 insects species belonging to various orders but 
mainly to Lepidopteran, Dipteran, Coleopteran and Hymenopteran 
(Sunderababu, 1985). 
6. thuringiensis a common soil bacterium, was first discovered in 
Japan in 1901 by Ishiwata and then in 1911 in Germany by Berliner 
(Baum et. al., 1999). It is a rod-shaped, gram-positive, facultative aerobic, 
spore forming bacterium abundantly found in grain dust from silos and other 
grain storage facilities. Vegetative cells of B. thuringiensis are 0.2-5 |jm in size 
with peritrichous flagella. They divide by binary fission and frequently occur in 
chains. During sporulation phase this bacterium accumulates certain proteins 
in crystalline form, these proteins are called as insecticidal crystal proteins 
(ICPs) (Kumar and Bambawale, 2002). 
Some ICPs produced by S. thuringiensis have toxicity at par with that 
of widely used organophosphate pesticides. Unlike organophosphates, which 
are quite general in their effects, S. thuringiensis ICPs are very specific to 
certain harmful insects and are therefore, safe to most beneficial insects and 
other animals. Additionally, B. thuringiensis toxins are biodegradable and do 
not persist in the environment (Van Frankenhuyzen, 1993). 
The Environmental Protection Agency (EPA) has exempted from 
tolerance several S. thuringiensis proteins for introduction into agricultural 
crops to control insect pests. These tolerance exemptions were based on the 
extensive safety data on history of safe use of microbial pesticide formulations 
that contain B. thuringiensis proteins. Proteins from S. thuringiensis were also 
subjected to safety testing to confirm that they posed no meaningful risks to 
mammals, especially human being. None of the incidents are attributable to 
exposure to the proteins produced by S. thuringiensis (EPA, 1988). Owing to 
its greater effectiveness to defoliating Lepidopterans, a worldwide recognition 
has been given to this bacterium. There are many countries like U.S.A., 
U.S.S.R., Germany, and France etc. where B. thuringiensis has been 
registered under the different trade names for the control of insect pests. 
B. thuringiensis first became available as a commercial insecticide in 
1938 and then 1950s in France and United States, respectively. 
B. thuringiensis microbial products were first registered in 1961 and have 
been applied continuously since then for an expending number of uses in 
agriculture, disease vector control and forestry. 
A thorough scan of the literature revealed that thousands of toxicogenic 
strains of 6. thuringiensis exist (Lereclus, 1993). Each strain produces its own 
unique insecticidal crystal protein, or delta-endotoxin, which is encoded by a 
single gene on a plasmid in the bacterium. The insecticidal activity of the 
toxins from each S. thuringiensis strain is also known to vary widely. In 
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addition to that there is often a considerable diversity of such activity within a 
single strain. 
More over, the medium on which a bacterial strain is grown also affect 
the toxicity of the pathogen (Srivastava and Ramakrishnan, 1980). There are 
several other factors viz., pH of the gut, stage, age, feeding habit of the insect, 
method of application, exposure period and the environmental conditions, 
which determine the pathogenic effects of the bacterium against the particular 
insect species. The non-persistent nature of the insecticide necessitated 
many applications during early use (Van Frankenhuyzen, 1993). 
There are 34 recognized subspecies of B. thuringiensis with two 
distinct groups of toxin proteins, Cry (crystal delta-endotoxins) and 
Cyt (cytolysins) identified by this wide variety of subspecies, pathogenic to 
insect pests (Schnepf etal., 1998). Cry proteins are named according to their 
amino acids similarity to established holotype proteins (Crickmore et. al., 1995). 
In general commercially available B. thuringiensis products are of two 
types. The predominant type is B. ttiuringiensis subspecies kurstal^i. Since 
early 1960, these have been sold under several trade names like Dipel, Biobit, 
Bactospeine, Thuricide, Delfin etc. for the control of a number of Lepidopteran 
pests of important field crops, forest trees, vegetable crops and ornamentals. 
In the late 70's another S. ttiuringiensis product based on 6. tliuringiensis 
subsp. israelensis was introduced for the control of a number of Dipteran, 
including the vectors of human diseases like mosquito and flies. These 
products are sold under various trade names like Tekhnar, Vectobac etc. 
{Lee etal., 1998). 
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In the 1980s, commercial interest in 6. thuringiensis grew very rapidly 
as many popular synthetic insecticides became ineffective due to insect 
resistance or became unusable due to environmental restrictions and also as 
the field of genetic engineering emerged. In 1987 came the first report of 
insertion of genes encoding for B. thuringiensis delta-endotoxins into plants 
with a tag on tobacco and tomato to be the first transgenic plants to express 
B. tfiuringiensis toxms (Van Frankenhuyzen, 1993). 
Development of agricultural crop varieties that contain 8. ttiuringiensis 
proteins provides a safe alternative to the use of chemical insecticides to 
control insect pests. Many Lepidopterans bore into the stalk of the plants and 
destroy its structural integrity. In the stalk, the pest is relatively safe from 
pesticide application. The engineering of plants to express S. ttiuringiensis 
delta-endotoxins has been especially helpful against pests that attack parts of 
the plant that are usually not well protected by conventional insecticide 
applications. 
Using S. ttiuringiensis in the form of transgenic crops is now very 
common. Such crops have also been commercialized and are in wide use in 
Canada, Japan, Mexico, Argentina, and Australia (Frutos etal., 1999). Most of 
the transgenic are in major crop plants such as cotton, corn, rice, potato, 
soybean, tobacco and tomato (Perlak etal., 1990 and Jenkins et al., 1993). 
Insecticide resistance is a major problem not only in agriculture, but 
also in health and economics. The development of resistance to 
S. ttiuringiensis toxins is, however, particularly unfortunate. If S. ttiuringiensis 
based products become ineffective due to resistance, organic farmers would 
lose this irreplaceable resource (McGaughey et al., 1998). In 1985, the first 
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evidence of resistance developing in the field against 6. thuringiensis 
8-endotoxin was published. Low levels of resistance was found in Plodia 
interpunctella (Hubner), the Indian meal moth, in storage bins of 
B. thuringiensis treated grain. Prior to this, B. thuringiensis delta-
endotoxin resistance had been seen in neither the field nor the lab, 
though attempts were made to select for resistance in laboratory 
populations (McGaughey, 1985). At about that same time, the species found 
to be losing susceptibility to B. thuhngiensis toxin in Hawaii, Florida and New 
York, in 1990, was Plutella xylostella (L.). In P. xylostella the resistance was 
detected after intensive use of these insecticides in several other countries, 
including Japan, China, Philippines, and Thailand (Liu and Tabashnik, 1997). 
Twenty years after S. thuringiensis resistance was discovered in 
P. interpunctella, B. thuringiensis resistance has been reported in laboratory 
populations of a total of thirteen insect species. Eleven of these species have 
developed resistance to various strains of 6. thuringiensis toxin in the 
laboratory but not in the field. (Tabashnik et al., 1994., Gould et al.. 1997., 
Wirth etal., 1997., Frutos etal., 1999., Huang etal., 1999 and Liu etal., 1999). 
These laboratory studies show that the potential to develop resistance 
is real. Thus, till date P. xylostella is still the only insect species in which 
considerable resistance has been found to develop out side the laboratory. 
Many other species have been tested in the laboratory but retained 
susceptibility to S. thuhngiensis. To overcome the resistance problem in 
B. thuringiensis based biopesticides, it is necessary to minimize the uses of 
similar B. thuringiensis strains or even different strains having the same mode 
of actions against a particular insect pest. 
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Spilarctia obliqua (Walker) (Lepidoptera: Arctiidae), commonly known 
as Bihar hairy caterpillar, is a polyphagous pest, causing severe damage to 
agricultural as well as horticultural crops all over India. A perusal of the 
literature indicated that work done in India with respect to 6. thuringiensis 
against S. obliqua is very scattered and fragmentary and as such calls for the 
detailed and systematic investigations on various aspects of the pest and 
pathogen. Most of the work done so far concern with pathogenicity tested 
under laboratory and field conditions. However, there are other important 
aspects like effect of exposure period on insect mortality, effect of lethal and 
sub lethal concentrations of the pathogen on the development of insect, which 
have not been paid due attention so far. 
Considering the aforesaid facts, following studies have been planned 
against the polyphagous pest, S. obliqua having the marked preference for 
castor, Ricinus communis (L.) and soybean. Glycine max (L.). 
1. To determine the LC50 values of different B. thuringiensis sub species 
and strains against susceptible population of S. obliqua. 
2. To determine the LC50 values of different 6. thuringiensis sub species 
and strains against less susceptible population of S. obliqua. 
3. To identify the most susceptible stage of S. obliqua against different 
sub species and strains belonging to B. thuringiensis. 
4. To determine the residual efficacy of different 6. thuhngiensis 
sub species and strains against S. obliqua. 
5. To study the effect of lethal and sub lethal concentration (LC50 and LC20) 
of Dipel on the post embryonic development of S. obliqua. 
6. To study the bio-chemical changes occurred in S. obliqua larvae due to 
the infection of Dipel. 
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7. Efficacy of Dipel in combination with insecticide against tlie larvae of 
S. obliqua. 
Over and above, present studies also include the effects of pathogen in 
lethal and sub-lethal concentrations on postembryonic development of 
S. obliqua. The results, thus obtained have been discussed critically in the 
light of earlier findings and the conclusions drawn have been finally 
highlighted in the present thesis. 
REVIEW OF LITERATURE 
A detailed exhaustive and systematic appraisal of literature has been 
done critically on various aspects of the present investigations with special 
reference to the studies on pathogenicity of Bacillus thuringiensis Berliner 
against Spilarctia obliqua (Walker) under laboratory conditions. Effect of lethal 
and sub-lethal concentrations of B. thuringiensis on the post-embryonic 
development, most susceptible stage of insect, changes in haemolymph 
protein and in pH of the experimental insect along with its LC50 and residues 
on foliage are focused. Sincere attempts have also been made to cite all the 
relevant references in the chronological order under the following heads. 
2.1 ROLE OF BACILLUS THURINGIENSIS IN THE CONTROL OF 
INSECT PESTS 
6. thuringiensis acquired tremendous significance in agriculture owing to 
its insecticidal activity. Depending upon the subsp. and strains of the bacterium, 
B. thuringiensis is pathogenic to a number of major insect orders viz., 
Lepidoptera, Diptera, Coleoptera, Hymenoptera etc. Rowe etal., (1987) reported 
that annual worldwide production of B. thuringiensis accounts 2.3 x 10^ kg. 
The share of B. thuringiensis represents about two per cent of the total global 
insecticide market (Lambaert and Peferoen, 1992). In 1995, worldwide sales 
of 8. thuringiensis were projected at $ 90 million (Rabinovitch et al., 1995) 
indicates that B. thuringiensis is now the most widely used bacterial pest 
control agent. 
2.2 HISTORY OF B. THURINGIENSIS 
B. thuringiensis was isolated as early as 1911 by Berliner from the 
diseased larvae oi Anagasta kuhniella, Zeller (Faust, 1974). B. thuringiensis is 
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a rod shaped gram-positive motile or non-motile, mesophilic, aerobic, and 
spore forming bacteria. This microbe produces a diamond shaped parasporal 
crystal in the cell during sporulation called as endospore or insecticidal crystal 
proteins (ICPs). These parasporal crystals are bipyramidal with eight similar 
faces, on which rows of protein molecules are arranged. 
ICPs comprise of three domains, which are from N- to C-terminal, a 
seven-helix bundle, a three-sheet domain and a p-sandwich. The bundle of 
long, hydrophobic and amphipathic helices is equipped for pore formation in 
the insect mid gut membrane and the regions of three-sheet domain are 
probably responsible for receptor binding. 
Biochemically parasporal bodies are insoluble in water, dilute nitric acid 
and several common organic solvents, whereas soluble in weak alkaline 
solutions like sodium carbonate, ammonium carbonate and sodium hydroxide. 
Parasporal crystals contain only protein and silicon while other constituents 
like carbohydrate, phosphorus and fats are altogether absent. 
The events of pioneering research of Steinhaus (1951) on 
B. thuringiensis and a growing realization that the organic insecticides were 
deleterious to the environment and human health spurred a renewed interest 
in B. thuringiensis in the early 1960s. In 1962, Edouard Kurstak isolated 
another subspecies of 8. thuringiensis from diseased A. kuhniella larva from a 
floor mill at Buressur Yvette near Paris in France (Kurstak, 1962). 
Heimpel (1967) reported that toxicity of the pathogen depends upon 
parasporal bodies, which contain toxins. These toxins are known as a, p and 
y-exotoxin and 6-endotoxin. Although S. thuringiensis contain four major 
toxins, yet more attention has been paid only to crystalline 5-endotoxin, 
because of its high toxicity to insect pests of agricultural importance. 
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In 1970, Dulmage reported a new isolation from diseased Pectinophora 
gossypiella (Saunders) larvae, which he named as HD-1 (Howard, T. 
Dulmage, 1970). A majority of serotype of species 6. thuringiensis subsp. 
kurstaki is characterized for strong insecticidal activities against order 
Lepidoptera. Later on, different types of biopesticide based on 6. thuringiensis 
were introduced into the market. Simultaneously, intensive screening 
programmes were undertaken in western countries to find out new strains of 
S. thuringiensis that could kill wider spectrum of insects. Now, thousands of 
S. thuringiensis isolates are available around the world and fortunately almost 
all the major insect pests are susceptible to these strains. 
B. thuringiensis has been isolated from many habitats including soil 
(Hastowo etal., 1992); deciduous and coniferous leaves (Kaelin eta!., 1994), 
insects and stored product dust (Chaufaux, et al., 1997). Using a selective 
medium, over 150 strains of B. thuringiensis have been recovered and their 
identity confirmed by their growth characteristics, morphology and presence of 
a parasporal delta-endotoxin crystal (Brownbridge, 1991). The initial pH of the 
medium and the inoculum age are also found to have a significant effect on 
crystal protein production. 
Earlier in the use of conventional B. thuringiensis insecticides, there 
were some limitations like narrow specificity, short shelf life, low potency, lack 
of systematic activity and the presence of viable spores (Lambert and 
Peferoen, 1992). To some extent these problems are now being tackled by 
various molecular and genetic engineering approaches along with the 
conventional microbiological methods (Dov etal., 1995). 
Some strains of 6. thuringiensis can even kill small animals, plant 
parasitic nematodes, snails and protozoan (Schnepf ef a/., 1998). 
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2.3 TOXINS PRODUCED BY B. THURINGIENSIS 
Besides the 6-endotoxin, 6. thuringiensis also produces a number of 
exotoxins. The a-exotoxin is a proteinaceous, thermolabile toxin that is highly 
toxic to some insects by oral and intra-haemocoelic inoculations. It is also toxic 
to mice and other vertebrates. Thuringiensin or P-exotoxin is a thermostable 
toxin, which kills the insect by per os and parental inoculations. It is formed 
during vegetative phase of the bacteria and secreted into the medium. 
Thuringiensin affects a broad spectrum of insect orders like Lepidoptera, 
Diptera, Coleoptera, Hymenoptera, Isoptera, Orthoptera, Hemiptera and 
Neuroptera (Tanada and Kaya, 1993). 
During sporulation, many B. thuringiensis subspp. synthesize several 
related 6-endotoxin, which are packaged into bipyramidal, intracellular 
inclusions. These inclusions are solubilized in the alkaline reducing conditions 
of the mid gut of susceptible larvae and are converted to active toxins by gut 
proteases. The toxins moves into the mid gut epithelial cells and form 
cation-selective channels, which result in lethality (Chang et a/., 2001). On the 
basis of molecular mass, endotoxins may be grouped into 2 classes; one 
contained both high (125-144 kDa, PI) and medium sized (60-144 kOa, P2) 
proteins and a second class consisting of only the high molecular weight 
polypeptides. More than 3000 isolates of S. thuringiensis from 20 countries 
have been collected (Stotzky, 2002). 
2.4 PATHOGENIC EFFECTS CAUSED BY 8. THURINGIENSIS 
Pathogenic effect of B. thuringiensis generally occurs in insects only 
after its ingestion with food and host dies within few days. Upon ingestion by 
insect these crystalline inclusions are solubilized in the mid gut, releasing 
proteins called 6-endotoxins. These proteins (protoxins) are activated by 
midgut proteases and the activated toxins interact with the larval midgut 
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epithelial cells causing disruption of its membrane integrity leading to death of 
the insect (Chang et al., 2001). The main toxicity symptom appears as 
cessation of feeding followed by paralysis. However, in certain cases as a 
result of inhibition of feeding the insect dies within two to four days. The 
toxicity of this pathogen is also known to affect the biology of insect pests. 
This may be explained, in part, by the fact that conditions required for 
complex steps in the mode of action do not exist in mammals or most of 
invertebrates. Only a relatively small subset of insects has been identified that 
support this complex series of events that leads to cell death. 
2.5 CLASSIFICATION OF B. THURINGIENSIS SUB SPECIES 
Different workers have classified B. thuringiensis into a large number of 
subsp., varieties, strains, serotypes, serovars, biovars, pathovars or 
cristovars. The subspp. have been differentiated by various methods such as 
biochemical tests, flagella serology, parasporal body (crystal) antigen, plasmid 
profiling and molecular techniques (Adam et al., 1996). Lee et al., (1998) 
classified B. thuringiensis insecticidal crystal proteins (ICPs) as cryl 
(Lepidopteran specific), cryll (Lepidopteran and Dipteran specific), crylil 
(Coleopteran specific), crylV (Dipteran specific), cryV (Coleopteran and 
Lepidopteran specific), cytl and cytll (Dipteran and Cytolytic). 
DeBarjac and Bonnefoi (1962) developed a key for taxonomic division 
of the species of B. thuhngiensis is based on the antigenic properties of the 
flagella. In 1990, DeBarjac and Franchon revised the Classification of 
8. thuringiensis, based on H-antigen. A number of techniques including 
seroptyping, crystal serology, crystal morphology, protein profiles, peptide 
mapping, DNA probes and insecticidal activity can be used to characterize a 
B. thuringiensis strain. 
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2.5.1 Cry gene classification 
Several genes code for various ICPs, which are produced by 
B. thuringiensis. Many 6. thuringiensis genes responsible for ICPs, production 
have since been sequenced and analyzed. Based on comparison of the 
insecticidal spectra, Hofte and Whiteley (1989) organized a classification 
system for the 42 sequenced genes. Fourteen cry genes were designated 
holotypes and placed into four major classes; cryl Lepidopteran specific, cryll 
Lepidopteran and Dipteran specific, cryl 11 Coleopteran specific and crylV 
Dipteran specific. Table 1. 
Structure of 5-endotoxin from B. thuringiensis subsp. tenebrionis which 
is especially toxic to Coleopterans has been detennined by Li et a/., (1991) at 
2.5 A° resolution. Feitelson et ai, (1992) added two new major classes, cryV 
and cryVI after the analysis of toxin domains of 29 distinct ICPs. Lastly Koni 
and Ellar (1993) reported a new 27.3 kDa protein, and named as cytB. It was 
isolated from B. thuringiensis subsp. I<yushuensis. 
Based on amino acid sequence of full length gene products, Crickmore 
et a!., (1998) have introduced a systematic nomenclature for classifying the 
cry genes and their protein products. The shifting from function based to 
amino acid sequence-based nomenclature allows closely related toxins to be 
ranked together. 
One crystal protein gene from 6. thuringiensis subsp. israelensis codes 
for a 27-kDa protein that protein exhibits cytolytic activity against a variety of 
invertebrate and vertebrate cells. Structurally this gene is totally unrelated to 
the cry genes. 
Over the past few years, however, the discovery of new cry proteins with 
new insecticidal properties shows that the screening programmes continue to 
hold promise for identifying proteins that could prove useful in pest control. 
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2.5.2 Crystal protein genes 
Federici et al., (1990) extensively reviewed tine biochemical properties 
along with the toxicity of different crystal components of ICPs. e. thuringiensis 
toxin genes are usually plasmid borne but are also chromosomally located 
(Carlson and Kolsto, 1993). They are normally present on large plasmids 
some of which are seif-transmissible and often in low copy number. Many of 
the plasmid borne genes are bordered by transposons and/or insertional 
sequences. Several B. thuringiensis toxin genes have homology in sequence 
and show similar insecticidal spectrum. There are certain B. thuringiensis 
genes, which are highly homologous but have different insecticidal spectrum. 
Since the insecticidal activity of B. thuringiensis is determined by the cry 
genes within the host bacterium, cloning and sequencing of cry genes is an 
obvious key to understanding this relationship. 
Table 1. Classification of insecticidal crystal proteins (ICPs) from 
6. thuringiensis. 
Old Name 
CrylA(a) 
Cry1A(b) 
Cry1A(c) 
CrylB 
CrylC (a) 
CrylC (b) 
CrylD 
CrylF 
CrylG 
CryllA 
CryllB 
CrylllA 
CrylllB 
CrylllC 
CrylllD 
CrylVA 
CrylVB 
CrylVC 
CrylVD 
CryV 
CytA 
CytB 
New name 
CrylAa 
CrylAb 
CrylAc 
CrylBa 
Cryica 
CrylCb 
CrylDa 
CrylFa 
CryQAa 
Cry2Aa 
Cry2Ab 
Cry3Aa 
Cry3Ba 
Cry7Aa 
Cry3Ca 
Cry4Aa 
Cry4Ba 
CrylOAa 
CryllAa 
Cryl lb 
CytlAa 
Cyt2aA 
Host range 
Lepidopteran 
Lepidopteran 
Lepidopteran 
Lepidopteran 
Lepidopteran 
Lepidopteran 
Lepidopteran 
Lepidopteran 
Lepidopteran 
Lepidopteran/Dipteran 
Lepidopteran 
Coleopteran 
Coleopteran 
Coleopteran 
Coleopteran 
Dipteran 
Dipteran 
Dipteran 
Dipteran 
Coleopteran/Lepidopteran 
Dipteran/Cytolytic 
Dipteran/Cytolytic 
Mass (kOa) 
133.5 
131.0 
133.3 
138.0 
134.8 
134.0 
132.5 
133.6 
129.7 
70.9 
70.8 
73.1 
74.2 
74.4 
73.8 
134.4 
127.8 
77.8 
72.4 
81.2 
27.4 
29.2 
Source (Lee et al., 1998). 
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Cryl genes 
The crylgenes were the first to be characterized and genetically 
modified. The crylA (a), crylA (b), crylA(c) genes were fomiaiiy called as 4.5, 
5.3, 6.6 kb genes. The cryl genes encode 130-140 kDa protoxins which are 
activated by trypsin-like enzymes in the mid gut to ~60-70 kDa toxins. 
Analysis of crylA gene and amino acid sequencing of activated toxins 
demonstrated that the toxin region is located in the N-terminal. Hyper variable 
regions or sub regions in the N-terminal determine insecticidal specificity of 
the cry protein (Ge et ai, 1989). The C-terminal regions of cry I proteins have 
the greatest number of conserved amino acid. S. thuringiensis born crylA 
5-endotoxin are generally active against Lepidopterans but crylB (a) and 
cryll (a) have additional, though low levels of activity against Coleopterans 
such as the Colorado potato beetle. 
Cryll genes 
Isolates of several S. thuringiensis strains known to be toxic to 
Lepidopterans, contain bipyramidal, flattened and cuboidal crystals and kill 
aquatic Dipteran as well. Subsp. I<urstaf<i strain HD-1 is a typical strain 
showing dual insecticidal activity. Bipyramidal crystals of HD-1 have 131-133 
kDa crylA protein subunits, while cuboidal crystal have 65 kDa cryll protein 
subunits (Yamamoto and McLaughlin, 1981). The cryll genes have been 
cloned from subsp. Kurstaki strain HD-1 and HD-263. These genes were 
designated as crylJA and cryllB, have open reading frames which encode 633 
amino-acid residues and peptides of 71 kDa molecular mass. The cryllA and 
cryllB proteins are identical for 87 per cent of their amino acids residues, yet 
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their amino acid differences affect insect toxicity. CryllA encodes the "P2" 
insecticidai protein or "mosquito factor". 
Widner and Whiteley (1990) defined the mosquito specificity domain of 
cryll protein. The unique physical and biochemical characteristics of bipyramidal 
and cuboidal crystals have facilitated the purification and characterization of 
their subunit peptides. 
The cry genes of 6. thuringiensis aizawai HD-133 were analyzed 
through a combination of high-pressure liquid chromatography (HPLC) 
and exclusive PCR. A total of six cry genes were detected in genomic 
DNA purified from HD-133, four from cry I family (crylAa, crylAb, crylC 
and crylD) and one each from cry2 (cry2B) and cryll families. Results 
show that combining crystal protein analysis with a genetic approach is a 
highly complementary and powerful way to assess the potential of 
B. thuringiensis isolates for new insecticidai genes and their specification 
(Masson et ai, 1998). 
Crylll genes 
Like other crystal protein genes, crylll genes are expressed during 
sporulation of cells. The crylll proteins form rhomboidal and also rarely 
hexagonal inclusions within the cell (Herrnstadt et a!., 1986). The crylllA 
genes show almost 50 per cent homology with the toxin domain of cryl. Four 
subclasses of the Coleopteran specific toxin crylll genes have been 
characterized as crylllA, crylllB, crylllC and crylllD. 
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CrylV and cyt genes 
CrylV genes are constituted of a rather heterogeneous group of 
Dipteran specific crystal protein genes. Four described genes along with cytA 
genes were isolated from the same 72 Mda plasmid on B. thuringiensis 
subsp. israelensis. The crylVA, crylVB, crylVC and crylVD genes encode 
proteins with predicted molecular masses of 135, 128, 78 and 72 kDa, 
respectively. These proteins assemble together with the 27-kDa cytA gene 
products in ovoid crystal complexes. 
CryV genes 
Tailor et al., (1992) was the first who characterized cryV gene from 
B. thuringiensis subsp. kurstaki strain 4835. The cryV genes with nematicidal 
activity are 140-150 kDa in size and share considerable homology with other 
cry proteins. The gene product was found to be toxic to Lepidopteran and 
Coleopteran larvae but ten times more effective against the Lepidopteran, 
European corn borer, O. nubilalis larvae than Colorado potato beetle larvae. 
2.6 BIOASSAY 
Howard, T. Dulmage (1970) reported an isolate of B. thuringiensis 
subsp. kurstaki that was later produced by Abbott Laboratories as the first major 
commercial B. thuringiensis product called Dipel. Presently, 6. thuringiensis 
subsp. kurstaki HD-1 based products are registered for nearly thirty crops 
against overlOO insect pest species worldwide. 
Different B. thuringiensis subspp. are known to vary in their efficacy to 
different insect pests and even different isolates of the same strain may show 
variable toxicity against the same species of insect pests (Adams et a!., 1996). 
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Khan et ai, (1995); Dhaliwal and Arora (1998) and Barker (1998) have 
also reported that the efficacy of different 8. thuringiensis isolates vary widely. 
The simplest method is to grow B. thuringiensis up to sporulation and use a 
crude spore-crystal mixture to test its efficacy against susceptible insects. 
Target organ for B. thuringiensis toxins is the insect mid gut. A combination of 
high pH and proteases in the insect mid gut dissolves the crystals (protoxin) 
and activate their subunits which bind to mid gut epithelial cells causing cell 
lyses, paralysis of mouth parts and ultimately death of infected insect in a few 
days. Generally as the mid gut is paralyzed, feeding ceases within several 
minutes and insect dies eventually. Cytotoxic changes include swelling of 
columnar cells, goblet cells and microvilli followed by fomiation of protrusions. 
These protrusions are sloughed into the lumen accompanied by cell lysis. The 
disruption of gut integrity results in the death of the insect, caused by 
septicemia or starvation. 
In India, 8. thuringiensis based products are being marketed by various 
agrochemical industries, whereas, new strains of 8. thuringiensis are being 
investigated for development as potential microbial bio-pesticide in several 
universities and research institutes (Arora etal., 2000b). 
Products based on 8. thuringiensis have been marketed for more than 
thirty years. The discovery of 8. thuringiensis with new insecticidal spectra 
and the advent of recombinant DNA technology have led to a substantial 
increase in the number of 8. thuringiensis products available for pest control. 
At present more than 100 8. thuringiensis insecticidal formulations, mostly 
based on naturally occurring isolates, are available and few are shown in 
Table 2. 
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Table 2. Examples of B. thuringiensis based commercially available 
microbial insecticides. 
B. thuringiensis 
sub-spp. 
Kurstaki 
Aizawai 
Morrisoni 
Israelensis 
Kurstaki strain HD-
1 and aizawai 
Israelensis 
Israelensis 
Israelensis 
Tenebrionis 
Product 
Biobit 
Condor 
Cutlass 
Dipel 
Javelin 
Thuricide 
Xentari 
Certan 
Foil 
M-Trak 
Trident 
Skeletal 
Vectobac 
Aerobe 
Agree 
Aerobe 
Teknar 
Vectobac 
Trident II 
Target pest 
Lepidoptera 
Coleoptera 
Diptera 
Lepidoptera 
Diptera 
Diptera 
Diptera 
Coleoptera 
Crop/Habitat 
Vegetables, 
field crops & 
ornamentals 
Forestry, 
Vegetables, 
Beehives 
Vegetables 
Breeding 
water 
Vegetables 
Medical pest 
Medical pest 
Medical pest 
Vegetables 
Producer 
Novo Nordisk 
Ecogen 
Ecogen 
Abbott 
Sandoz 
Sandoz 
Abbott 
Sandoz 
Ecogen 
Mycogen 
Sandoz 
Novo Nordisk 
Abbott 
Cyanamid 
Ciba Geigy 
Cynamid 
Zoecon/Sandoz 
Abbott 
Sandoz 
Source (Federici, 1994 and Lee et al., 1998). 
The most widely used conventional isolate of B. thuringiensis continued 
to be the HD-1 isolate from B. thuringiensis subsp. kurstaki for the control of 
many lepidopteran pests of field crops, vegetables, ornamental, and forestry. 
Transconjugate products available in market contain B. thuringiensis with 
mixture of cry proteins, not occurring together naturally. An example is Foil'^, 
which contains a mixture of cry! and crylll proteins in the B. thuringiensis 
subsp. kurstaki host cell. In the recombinant bacteria eg. Pseudomonas 
fluorescens expressing cry proteins, the identity of the specific gene used is 
also proprietary. Examples of the product based on this technology are MVP 
and M-Trak. 
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2.7 EFFICACY OF B. THURINGIENSIS AGAINST LEPIDOPTERAN PESTS 
Rautappa (1967) reported when larvae of P. xylostella allowed to feed 
on treated leaves with 6. thuringiensis dust containing 25 x 10^ viable spores 
for 24 hours, killed the larvae within two to three days. 
Taluker et al., (1989) observed significant reduction in the weight and 
survival of the early third instar larvae of S. obliqua, when different 
concentrations of Dipel {viz., 0.01, 0.02, 0.05 and 0.1 per cent) was used on 
jute leaves. Haider and Mahmood (1990), perfomied connparative study of 
thirteen strains of 6. thuringiensis against third instar larvae of S. obliqua and 
P. brassicae, through SDS-PAGE to explore the toxin specificity. Results 
revealed that the high Mr PI proteins of all the strains tested were active 
against lepidopteran larvae. 
Pawar and Thombre (1990) tested B. tfiuringiensis subsp. f<urstat<i 
(Biobit) against second, third and fourth instar larvae of 12 insect pests. They 
recorded the lowest LC50 (0.083%) for third instar larvae of Ergolis merione 
(Cramer), whereas highest (0.787 per cent) for S. obliqua. An LC50 of 0.145 
per cent was obtained for third instar larvae of Athalia proxima (Klug). 
Larval nnortality of S. obliqua was directly proportional to the concentration 
of 8. thuringiensis thuringiensis spores. The larval period was extended by about 
two days on sub lethal doses while pupal weight, food ingestion, food digestion 
and faecal matter production was also found to reduce significantly which 
showed a proportional relationship between the larval mortality and the 
concentration of microbial insecticide along with time exposure and anti 
proportional to the growth of the insects (Gupta and Rana, 1991). 
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Biswas et ai, (1994) found that Dipel (8. thuringiensis subsp. kurstaki) is 
the most toxic (LC50 = 0.08) and acted most rapidly followed by Thuricide (LC50 
= 0.98) and Bactospeine respectively, against 3rd-instar larvae of S. obliqua. 
Larvae of Chilo partellus (Swinhoe) showed record mortality, > 80 per 
cent when treated with spore crystal preparations of 8. thuringiensis. In case 
of C. partellus larvae 94 per cent, 97 per cent and 99 per cent mortality was 
recorded against spore crystal preparations from 6. thuringiensis strain HD-1, 
HD-73 and HD-263 at a concentration of 0.05mg/ml, 0.1mg/ml and 0.1mg/ml, 
respectively. Results suggest that B. thuringiensis is a potential bio-pesticide 
for controlling C. partellus larvae (Khanna etal., 1995). 
Dilawari et ai, (1996) demonstrated that B. thuringiensis subsp. kurstaki 
HD-1 and HD-73 strains when tested against P. xylostella showed that the 
crylA(a) protein of HD-73 is about three times better in toxicity than crylA(a) 
from HD-1. 
Biswas et ai, (1996) stated that applications of Dipel on different larval 
instars of S. obliqua revealed, that in early instars bacterial insecticide caused 
the greatest mortality under laboratory conditions. They also reported that the 
relative toxicity of six insecticides viz., endosulfan, BHC, malathion, quinalphos, 
fenvalerate and cypermethrin alone and in combination with sub-lethal 
concentration of Dipel against seven day-old larvae of S. obliqua on 
R. communis, showed that cypermethrin, fenvalerate and quinalphos were 
11.7, 10.55 and 2.27 times more toxic when compared with malathion, 
respectively. Dipel with quinalphos showed greatest toxicity, 8.51 times when 
compared with malathion and Dipel was compatible with all insecticides. 
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Insecticides at lower concentrations exhibited higher toxicity, when mixed with 
Dipel against insect pests. 
Biswas et al., (1996) determined sub lethal concentration of Dipel on 
postembryonic development of S. obliqua and found longer pupal period, 
reduction in length and weight of larvae. Adult development was also 
considerably affected with no great reduction in fecundity and egg viability in 
treated first instar larvae. 
Dipel (16000 lU/mg) at different concentration against the fourth, fifth 
and final-instar larvae of S. obliqua caused significant reduction in larval 
length and weight along with prolonged larval period and supernumerary 
moults, when the larvae were exposed either for 48 hours or continuously on 
treated jute leaves with a proportional susceptibility to Dipel concentration and 
reciprocal to larval age. Thus, Dipel may be an alternative to chemical 
insecticides for controlling S. obliqua (Haque, 1997). 
Khan (1999) observed that 6. thuringiensis subsp. kurstaki when used 
against S. obliqua, significantly produced higher mortality, along with reduced 
pupation and adult emergence in comparison to the control. Significant 
reduction in the growth of larvae, pupae, adults and reproductive potenfia! 
were also determined by pathogen treatments. Karim et al., (1999) observed 
a wide variation of LC50 among local B. thuringiensis isolates against 
Scirpophaga incertulas (Walker) and Cnaphalocrocis medinalis (Gunee). 
Dhawan (1999), suggested that the spray of Thuricide/Biotrol effectively 
controlled IHelicoverpa armigera (Hubner) at 1.25 I/ha. He also noticed that 
Biobit at 1.0-1.5 kg/ha was almost equally effective as cypermethrin, acephate 
and fenvalerate against cotton bollworms in Karnataka. 
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Gupta et a/., (2000) stated that in case of laboratory prepared 
B. thuringiensis strains the toxicity symptoms in the larvae of H. armigera 
were noticed only within 24 hours but complete larval mortality (100 per cent) 
in infected larvae was observed 120 hours after exposure. He also noticed 
that strain HD-1 isolated from commercially available Dipel 8L recorded 56 
per cent mortality, which was marginally better than chemical insecticide 
endosulfan (0.07 per cent) registered 50 per cent mortality. On that basis, the 
author suggested laboratory prepared bio-pesticides performs better than 
chemical insecticides. 
Singh (2002) observed that when twenty four hours old eggs of 
S. obliqua were dipped for one minute in various insecticide solution viz., 
methoxyfenozide (2 ml RH-2485/l), B. thuringiensis (2 g/l), Beauveria 
bass/ana (Balsamo) (2 g/l), neem seed kernel extract (NSKE 5 per cent) and 
endosulfan (2 ml/I) recorded a maximum mortality or unhatched eggs with 
RH-2485 (70 per cent), followed by B. thuringiensis treatment which recorded 
60 per cent egg mortality. 6. bassiana caused mortality to about one-third of 
the eggs, while NSKE prevented one-fourth of the eggs from hatching. 
However, endosulfan resulted in 90 per cent egg mortality. 
Pramanik and Somchoudhury (2002) determined the microbial efficacy 
against first to fifth instar larvae of S. obliqua on jute leaves, treated with 
different doses {viz., 0.2, 0.1, 0.05, 0.02 and 0.01 per cent) of 6. thuringiensis 
subsp. kurstaki. The results showed a proportional relationship between larval 
mortality and concentration of microbial insecticide along with time exposure 
and anti proportional relationship to the growth of instars. 
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Citrus butterfly {Papillio demoleus L.) was found to be completely 
controlled five days after application of different concentrations of B. thuringiensis 
{viz., 0.0025, 0.005 and 0.0075 per cent). B. thuringiensis at 0.0075 per cent 
yielded 89.9 per cent pest suppression whereas, azadirachtin at 0.005 per cent 
recorded only 62.8 per cent pest suppression. 6. bassiana, NSKE and neem oil 
at the concentration of 1gm/l, 5 per cent and 0.5 per cent respectively, were at 
par with azadirachtin (Narayanamma and Savithri, 2003). 
According to Rao and Singh (2003) synthetic insecticides in combination 
with bio-pesticides exhibited moderate effects on pest damage as well as on 
predator's populations, which were at par with alone bio-pesticidal treatment 
indicating that synthetic insecticides in combination with bio-pesticides were 
economic, effective and ecofriendly. 
Pramanik et a/., (2003) observed that microbial insecticide, spinosad at 
a concentration of 0.005 per cent was most effective compared to field 
recommended doses of chemical insecticides in reducing the P. xylostelia 
population per plant, along with increase in crop yield. Order of insecticide 
efficacy on two sprays at fifteen days interval was monitored as spinosad > 
8. thuringiensis subsp. /curste/fi > abamectin > cartap > hydrochloride > 
acetamiprid > novaiuron. 
Zareie et a!., (2003) observed that B. thuringiensis formulations with 
optimal mixture of molasses and henna minimize the degradation of 
B. thuringiensis caused by sunlight leading to better stability. They further 
reiterated that stability of B. thuringiensis formulations could also be improved 
by adding sugar solution to them. 
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Syed et a/., (2004) found that Avermectin in first and second spray was 
most effective against dianriond back moth on cabbage, Brassica oleracea 
var. capitata. B. thuringiensis subsp. kurstaki along with spinosad was also 
found to be better at 96 hours and after seven days respectively. 
Kumar et ai, (2004) stated that cry IIA proteins produced by 
B. thuringiensis are different in structure and mode of action from that of 
generally used cry lA proteins. Hence, these cry IIA proteins may helpful in 
the management of resistance in insects. Another protein, cry IIA(a) recorded 
100 per cent mortality among H. annigera in an artificial diet bioassay at a 
concentration of 650 and 100 ng/ml after 48 and 72 hours, respectively. 
Gopalakrishnan and Gangavisalakshy (2005) tested commercial 
formulations of B. ttiuringiensis subsp. kurstaki viz., Delfin, Halt, Dipel DF and 
Biobit, for their field efficacy against P. demoleus on citrus. They observed that 
five applications of Btk formulations at 1 kg/ha effectively controlled the larval 
population of P. demoleus on citms compared with the untreated control. 
The efficacy of Nomuraea rileyi (2 g litre'^ ), Beauveria bassiana, 
H. armigera nuclear polyhedrosis virus (HaNPV) (500 LE ha-1), SINPV (300 
LE ha-1), B. ttiuringiensis subsp. kurstaki (Bt; Halt 5 WP), spinosad (Tracer 45 
SC) and acephate (Acephate 75 SP) against S. litura on groundnut was 
studied. Spinosad (61.8%), followed by spinosad + acephate (55.82%) and 
acephate (55.34%), recorded the highest larval mortality. HaNPV (2.1%) was 
less effective. N. rileyi (3.48%), B. bassiana (6.23%), HaNPV (0.57%), SINPV 
(0.73%) and Bt (12.48%) were found to be safe for coccinellids, whereas 
spinosad (34.8%), spinosad + acephate (26.59%) and acephate (21.19%) 
were noticed relatively toxic (Srinivas and Nagalingam, 2005). 
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2.8 SCREENING OF DIFFERENT ISOLATES OF B. THURINGIENSIS 
AGAINST INSECT PESTS 
Heimpel and Angus (1959) observed differences in response of 
different larval species of Lepidoptera against the toxin produced by 
S. thuringiensis group. 
Atwal and Singh (1969) reported that in a field experiment, Thuricide 
(0.4 per cent) recorded 81.4 per cent mortality against Plutella maculipennis 
(Curtis) on cauliflower as compared to 89.6, 80.5, 76.7 and 44.4 per cent 
registered by carbaryl (0.15 per cent), malathion (0.075 per cent), endrin (0.02 
per cent) and parathion (0.02 per cent), respectively. Narayanan et al., (1970) 
evaluated Biotrol (B. thuringiensis fomnulation) dust @ 37.5 and 31.25 kg/ha 
against P. maculipennis in a glass house and reported 54.4 and 50 per cent 
mortality respectively. Biotrol WP, when tested @ 7.5 and 3.75 kg/ha recorded 
52.6 and 50.7 per cent mortality, respectively. However, maximum effects 
were exhibited in case of Thuricide 90 TS, when used as aqueous suspension 
@ 1 ml/40 ml water, which registered 54.7 per cent larvae mortality. 
Traditionally the insecticidal activity of B. thuringiensis crystal protein 
has been investigated by using crude preparation of spore crystal mixtures 
(Surges, 1981). Toxicity effects of purified spore-crystal formation from three 
isolates of B. thuringiensis subsp. kurstal<i against second instar larvae of 
H. armigera revealed that the mixture of spore-crystal formation pronounces 
100 per cent mortality. However spores alone registered 10-20 per cent larval 
mortality (Kulkarni and Amonkar, 1988). 
Battu et a!., (1993) found that 6. thuringiensis is effective against 
European corn borer, tobacco hornworms and budworms. Moderate to 
high-level control was achieved in case of a number of insect pests including 
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cotton bollworm, brinjal fruit and shoot borer, cabbage semilooper and Bihar 
hairy caterpillar etc. 
Chandel and Mane (1994) noticed a considerable mortality in 
P. xylostella larvae, 36 hours after treatment with different concentrations of 
Agree 50 WP (S. thuringiensis subsp. kurstaki). They also found that LC95 
value of Agree 50 WP against the pest was 0.103 per cent. 
Complete larval mortality in third instar larvae of C. medinalis was 
observed when these larvae were allowed to feed on 90 days old plant leaves 
treated with B. thuringiensis crylA(c) (Riazuddin etal., 1995). 
Adachi and Grey (1996) carried out the comparative efficacy of two 
B. thuringiensis strains, Toan-ow-Ct and Bacilex against P. xylostella and 
reported the LC50 for Toarrow-Ct was 96.0 ppm, whereas, for Bacilex, it 
was 78.8 ppm. 
B. thuringiensis subsp. kurstaki based bio-pesticldes, viz., Bioasp, 
Biobit, Biolep, Dipel WP and Dipel 8L were evaluated in a field trial against 
P. xylostella. The results revealed that seven days after the 1®' spray, Bioasp 
at 0.075 kg/ha recorded maximum larval mortality (61.1 per cent). However, 
three days after second spray Dipel 8L and Biobit both at 0.075 kg/ha have 
recorded the highest mortality, 90 per cent and 89.6 per cent respectively. 
However, standard insecticides, viz., endosulfan and fenvalerate recorded 
27.5 per cent and 32.7 per cent mortality respectively, at 833 and 250 ml/ha 
(Battuefa/., 1997). 
Ashfaq et al., (1998) reported that when three days old larvae of 
Helicoverpa species were allowed to feed on 6. thuringiensis treated leaves 
for 12, 24 and 36 hours at the concentration of 0.29, 0.58 and 1.15 kg/ha, the 
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larval mortality was significantly higher than in control. Jia e^ a/., (1999) 
demonstrated that the sensitivity to fenvalerate in second instar larvae of 
H. armigera increases as the larvae are treated with B. thuringiensis for 
24 hours. They suggested that 6. thuringiensis in combination with chemical 
insecticides in an integrated pest management system was feasible. 
Effectiveness of B. thuringiensis subsp. I<urstaki products viz., Biolep, 
Biobit and Dipel were evaluated against third instar larvae of H. armigera 
under environmentally controlled conditions. LC50 of Biolep, Biobit and Dipel, 
with an exposure period of 48 hours, were found to be 0.114, 0.211 and 0.213 
per cent, respectively. Ail the concentration of bio-pesticides used had 
adverse effect on growth and development of H. armigera (Ajanta et al., 1999). 
6. thuringiensis subsp. kurstaki, designated as S93, was analysed for its cry 
gene and their efficacy against third instar larvae of S. frugiperda. The results 
revealed 12.3-fold lower LC50 for the S93 strain when compared with the 
standard HD-1 strain (Silva etal., 1999). 
Arora et al., (2000a) observed that P. xylostella was effectively 
controlled by two applications of Dipel 8L/Biolep/Biobit all at 0.75 kg/ha in 
cauliflower field in Punjab, India. They also noticed that five days after 
B. thuringiensis treatment, the larval mortality was more than 80 per cent as 
compared to 53 per cent in standard (fenvalerate). 
Two different strains K9903 and K9805 of 6. thuringiensis subspp. 
kurstak] and aizawai respectively, isolated from the soil showed high 
biological activities against P. xylostella and S. exigua and were also toxic to 
Diptera (C. pipiens) (Hong etal, 2000). 
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Susceptibility of B. thuringiensis subsp. kurstaki HD-73 was studied 
against neonates of H. armigera collected from different crops and locations in 
north India. The susceptibility of kurstaki HD-73 to H. armigera neonates 
suggested that there was a relative influence of host crops on insect 
susceptibility (Gujar, 2004). 
Kat et a!., (2005) isolate a B. ttiuringiensis strain (MnD) from 
Malacosoma neustria L. (Lasiocampidae, Lepidoptera) insect. They perfomned 
the toxicity tests against seven insect species from Lepidoptera, Coleoptera 
and Diptera groups. It was noticed that crystal-spore suspensions show 
toxicity only against species of Lepidoptera, M. neustria, Lymantria dispar (L.) 
and Hyphantria cunea (Drury). 
These results revealed the importance of continuing the search of 
S. thuringiensis strains, which can be used as biological agents for the control 
of insect pest. 
2.9 DETERMINATION OF LETHAL AND SUB LETHAL EFFECTS OF 
B. THURINGIENSIS ISOLATES 
After feeding p-exotoxin produced by B. tiiuringiensis, prevention of the 
development of mouthparts has been demonstrated in Heliothis zea (Boddle)^  
Heliothis virescens (L.); Trichoplusia ni (Hubner); Spodoptera exigua 
(Hubner); Estigmene acrea Drury and Pectinophora gossypiella (Saunders). 
Development of neonate H. zea or mature T. ni larvae is adversely affected 
when larvae were exposed to diet surfaces treated with p-exotoxin. Mortality 
caused in many cases was due to failure of molting and/or to discard 
exuvae. Fecundity and longevity was also noticed to reduce significantly 
among moths developed from larvae fed on diet surfaces treated with 
p-exotoxin. However topical treatment of T. ni eggs do not interfere with 
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hatching but affects subsequent survival and developnrient of neonate larvae 
(Ignoffo and Gregory, 1972). 
Morris (1973) carried out the test to determine the influence of 
B. thuringiensis (Dipel) against the larvae of forest pests, Choristoneura 
fumiferana (Clemens), Hemerocampa lencosteigma (Smith) and Lymantn'a 
dispar (L.). He found that treated larvae gained weight at a considerably 
slower rate as compared to the untreated ones. Reduction in weight caused 
by feeding intensified as dosages were increased. 
Tiwari and Mehrotra (1980) observed that the larvae of A. Janata when 
treated with B. thuringiensis, lost their weight in contrast to weight gained by 
normally fed larvae. 
Abdul et al., (1982) stated that second instar larvae of tobacco 
bud worm when allowed to feed on B. thuringiensis treated terminals for 6, 18 
or 30 hours and then transferred to fresh diet, lost the ability to recover along 
with prolonged larval period. 
Sareen et al., (1983) reported that the growth rate in the larval stages 
of S. litura \Na& adversely affected with reduction in approximate digestibility 
when the larvae were fed on green gram leaves treated with higher 
concentration of B. thuringiensis. 
Srivastava (1991) studied the effect of three 6. thuringiensis 
commercial formulations viz., E-16, Bactospeine and Dipel in comparison with 
calcium-arsenate on the body weight of A. Janata and reported that insect 
gradually lost weight in all cases but weight loss was more pronounced in 
case of 8. thuringiensis treatment followed by calcium-arsenate treatment. 
Sub lethal dose of 6. thuringiensis subsp. kurstaki against C. partellus 
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indicated that pathogen is responsible for low weight gain, prolonged larval 
period, low rate of pupation and adult emergence compared with control one 
(Brownbridge and Onyango, 1992). 
Navon ef a/., (1992) observed that H. virescens lost weight in the 
larval stages when fed for 24 hours upon diet treated with lethal dose, 
20|jg/g of B. thuringiensis subsp. /cursfa/c/strain HD-73. However, the larvae 
feeding on fresh food attained normal weight. Wang et al., (1994a) reported 
retardation in larval growth, prolonged pupal period and low rate of pupation 
among H. armigera when fed on diet treated with B. thuringiensis at LC50 
(1.2 |jg protein crystal/gm). 
The first instar larvae of oblique banded leaf roller, Choristoneura 
roasceana (Harris) when treated with sub lethal doses of 8. thuringiensis 
significantly gained low body weight along with extended larval period as 
compared to control one (Li eta!., 1995). 
Barker (1998) studied the effects of S. thuringiensis subsp. I<urstai<i 
against larval development of banded sunflower moth Cochylis hospes 
Walsingham. He observed that larval feeding stopped almost at a sudden 
when toxin was present in the diet, and the total developmental period from 
hatching of eggs to pupation was 21.4±0.1 and 33.8±1.1 days respectively, for 
control and treated larvae. 
Chandra ef al., (1998) evaluated adverse effects on growth and 
development of H. amiigera using Biobit, Biolep and Dipel @ 0.114, 0.211 
and 0.212 per cent, respectively. They also noticed an increase in larvae 
mortality, larval period and growth inhibition along with decrease in total 
numbers of pupae, pupal weight and adult emergence as the doses of 
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8. thuringiensis were increased. Gupta et al., (1998) observed a negative 
correlation between B. thuringiensis concentration and leaf consumption by 
H. anriigera. Insects fed on treated leaves experienced prolongation in fifth 
instar whereas, the mean total leaf consumption was significantly less than 
that on untreated leaves. 
Arora et al., (2000a) reported a significant reduction in food 
consumption and growth index among surviving larvae of cauliflower pest 
when treated with sub lethal doses of 6. thuringiensis. 
Gujar et al., (2000) noticed that HD-1 caused highest mortality to five 
days old larvae of H, armigera (LC50 1-71 a.i. ppm), followed by Biobit and 
Biolep and larval growth also significantly reduced in treatments with HD-1 
and other B. thuringiensis formulations except HD-73. They opined that all the 
treatments clearly affected growth and development, pupal period and adult 
emergence of the noctuiid pest. Mahapatro et al., (2001) carried out 
bioassays on the third instars of E. vittella, and reported that highly significant 
reduction in larval weight was observed in the surviving larvae treated with 
sub lethal doses of the delta endotoxins. 
2.10 PATHOGENICITY OF DIFFERENT B. THURINGIENSIS SUB SPECIES 
Jaques and Fox (1960) studied the comparative toxicity of two subspp. 
of 6. thuringiensis against Pieris rapae (L.) and found that subsp. 
entomocidus was more effective than subsp. Berliner 
Heimpel (1961) studied the effect of two subspp. of B. thuringiensis 
thuringiensis and sotto against four species of sawfly and noted low virulence 
of the pathogen against them. Subspp. thuringiensis and sotto were equally 
toxic against Pristiphora erichsonii (Hartig). In Neodiprion banksianae Rohwer 
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higher mortality (50 per cent) caused by subsp. thuringiensis was observed in 
comparison to subsp. sotto (mortality nil). He further added that, in Neodiprion 
lecontei (Fitch) and Neodiprion swainei Midd. due to subsp. thuringiensis 
isolats, there was no mortality whereas 17.5 per cent and 14.4 per cent, 
mortality was noted respectively due to subsp. sotto isolats (Heimpel, 1961). 
Herfs (1963) evaluated the toxicity of six subspp. of B. ttiuringiensis 
against P. brassicae and L. dispar and reported the following order of their 
toxicity. Subspp. galleriae> alesti > dendrolimus > thuringiesis > euxoae and 
sotto against P. brassicae and subspp. dendrolimus > galleriae > euxoae > 
thuringiensis > alesti and sotto against L. dispar 
Ruperez (1966) observed rapid mortality due to subsp. entomocidus 
(100 per cent in 18 days) as compared to subsp. gallehae (100 per cent in 26 
days) among fourth instar larvae of Thaumetopoea pitvocampa Boln. 
Broersma and Buxton (1967) tested the efficacy of six strains of 
B. thuringiensis on mortality and pathological effects against cabbage 
looper, T. ni. The highest pathogenicity and mortality was shown by subsp. 
galleriae followed by thuringiensis, sotto and finally alesti. However, the 
subspp. like entomocidus and finitimus caused the lowest mortality and 
pathogenicity in T. ni. 
Ridet (1973) studied the sensitivity of L. dispar to different subspp. of 
S. thuringiensis. In general, galleriae, subtoxicus, entomocidus were the most 
effective in terms of mortality, whereas beriiner, alesti, sotto, and dendrolimus 
resulted in low rate of mortality against L. dispar. Deshpandey and 
Ramakrishnan (1982) observed that subspp. kurstaki, galleriae, beriiner ar\6 
sotto were pathogenic to A. Janata, whereas, entomocidus and aizawai failed 
to respond. 
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Valicente and Fonseca (2004) conducted bioassays to investigate \he 
susceptibility of the fall armyworm (S. frugiperda) to 17 different strains of 
B. thuringiensis. Among tested strains, the highest mortality was observed in 
B. thuringiensis subsp. tolworthi and the lowest in S. ttiuringiensis subsp. 
kurstaki causing 95.8 per cent and 2.7 per cent mortality, respectively. 
Indira Bhojne et al., (2004) carried the studies on the second instar 
H. armigera to evaluate the efficacy of B. thuringiensis subsp. kurstaki {HD-1) 
and morrisoni (HD-12). 6. thuringiensis subsp. /cursfa/c/when used alone was 
more toxic than B. thuringiensis subsp. morrisoni (HD-12). Subsp. kurstaki at 
0.00963 per cent concentration caused 79.38 per cent mortality of the second 
instar larvae of /-/. armigera. However, subsp. morrisoni caused 89.66 per 
cent mortality at 0.0576 per cent concentration. 
2.11 DEVELOPMENT OF RESISTANCE AGAINST B. THURINGIENSIS 
Gujar et al., (1999) studied the bioactivity of 8. thuringiensis subsp. 
/ctyrste/f/serotype 3a, 3b (Dipel R) and one of its components, CrylAb, against 
the larvae of P. xylostella collected from different geographical regions of 
India. The investigations revealed that LC50 of CrylAb for 5-day-old larvae 
was 60.06 ppm for Delhi and 65.62 ppm for Gujarat population indicating 
tolerance of the latter. Similarly, LT50 for both populations subspeciesied from 
72.42 to 33.35 hours, depending upon treatments ranging from 40 to 150 ppm. 
Further studies indicated that Delhi and Punjab populations were less susceptible 
with mortality ranging from 0 to 27.3per cent as compared to a Kamataka 
population registering mortality from 86.6 to 93.3 per cent within 24 hours for 
the concentrations ranging from 0.35 ppm to 35 ppm of B. thuringiensis 
subsp. kurstaki. These investigations suggest the possibility of existence of 
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tolerant (resistant) populations of P. xylostella to the bioinsecticide in Delhi 
and Punjab populations in comparison to a Karnataka population. 
Muthugounder etal., (2000) obtained P. xylostella from 13 locations in 
seven different states in India spread over a distance of about 3000 km 
longitudinally to study the base line susceptibility in six days old larvae of 
P. xylostella, infected with 8. thuringiensis subsp. kurstaki (Biobit R). They 
found that forty-eight hours LC50S varied from 1.0 to 10.97 mg a.i. litre-\ 
However, further investigations on the development of resistance under 
laboratory conditions reveal an increase in LC50 from 2.76 to 5.28 mg a.i. 
litre-\ This suggested the possibility of the development of resistance under 
field conditions. 
Mohan and Gujar (2003) characterized the midgut proteases of 
resistant and susceptible populations of P. xylostella infected with 
B. thuringiensis. He observed that differences in susceptibility of two 
populations to 6. thuringiensis CrylAb were not due to midgut proteolytic 
activity. However, the proteolytic patterns of CrylA protoxins were similar in 
the resistant as well as susceptible populations of P. xylostella. 
2.12 EFFICACY OF B. THURINGIENSIS AGAINST DIFFERENT LARVAL 
INSTARS 
Kulshrestha et a/. (1965) carried out the studies on the efficacy of 
Thuricide against third to sixth larval instars of castor semilooper and reported 
significant differences in the mortality of fifth and sixth instar larvae. They 
further recorded higher mortality in fifth instar larvae when compared with the 
sixth instar. 
Different larval instars of P. xylostella were tested against B. thuringiensis 
subsp. kurstaki at 0.01 per cent concentration by Singh et ai, (2002). They 
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observed the mean per cent mortality of 16.67, 53.33, 86.67 and 66.67 per 
cent for the first, second, third and fourth instar larvae, respectively, indicating 
that the third instar larvae were the most susceptible whereas, first instar 
larvae were the least. They suggested that the difference could be because of 
the leaf mining habit of neonates, greater physiological tolerance of neonates 
to B. thuringiensis subsp. kurstaki, or both. The third instar larvae followed by 
fourth instar larvae, were most susceptible because of voracious feeding habit 
and consuming more leaf area treated with the insecticide. 
To determine the efficacy of the microbial insecticide, B. thuringiensis 
subsp. kurstaki against first to fifth instar larvae of S. obliqua, Pramanik and 
Somchoudhury, (2002) treated jute leaves with microbial insecticide at 0.2, 
0.1, 0.05, 0.02 and 0.01 per cent concentrations. They reported that larval 
mortality was directly proportional to concentration of microbial insecticide and 
duration of treatment. 
Singh et a!., (2003) conducted bioassay to assess the efficacy of 
commercial 8. thuringiensis subsp. kurstaki (Biolep) at 0.01 per cent 
concentration against different larval instars of diamondback moth 
P. xylostella. Highest efficacy was seen among third instar larvae whereas, 
neonate larvae were tolerant when compared to the latter instars. After 72 
hours of exposure, the cumulative mean per cent mortality of the larval 
populations was 16.67, 53.33, 86.67 and 66.67 per cent with first, second, 
third and fourth instar larvae, respectively. 
Susceptibility of different larval stages of S. frugiperda was investigated 
against B. thuringiensis subsp. tolworthi. Based on the results obtained, the 
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authors opined that larval mortality was inversely proportional to the age of 
the larvae (Valicente and Fonseca, 2004). 
2.13 EFFECT OF EXPOSURE TIME 
Angus (1956) studied that the exposure of 6. mori larvae to 
8. thuringiensis for twenty-four hours caused mortality within three days. 
Dulmage and Martinez (1973) noticed that the constant exposure of 
H. virescens larvae even to sub lethal concentration results in heavy mortality 
at pre pupal and pupal stage. Dulmage et al., (1978) observed that the larvae 
of H. virescens exposed to B. thuringiensis for a short period could recover 
completely, although the capacity for recovery decreased as the exposure 
time increased. 
Salama et al., (1981) carried out the studies on the effect of exposure 
time on the larvae of S. littoralis and H. armigera subjected to different 
concentrations of B. ttiuringiensis. The data obtained revealed that, at higher 
concentration larval mortality was cent per cent irrespective of the exposure 
period (1-7 days) and the LT50 was directly related with the exposure time. 
Abdulsattar and Watson (1982) found that the ability of H. virescens 
larvae to recover from the infection of 6. ttiuringiensis decreases as the 
exposure time or dosage rate increases. Fast and Regniere (1984) revealed 
that the extension of exposure period form one day to continuous six days 
resulted in 500 fold reduction in LC50 and equivalent reduction in LT50 of 
spruce budworm larvae. 
Chatterjee and Chowdhury (2003) studied the efficacy of biopesticides 
viz., B. ttiuringiensis subsp. I(urstal<i, avermectin and B. bassiana against third 
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instar larvae of P. brassicae, infesting cauliflower. They observed a decline in 
toxicity of all the pesticides with increase in time. 
Different concentrations of 6. thuringiensis subsp. tolworthi were 
evaluated against two days old larvae of S. frugiperda for different periods of 
exposure 24, 48 and 72 hours. The highest mortality was observed at 72 
hours exposure time with 500 mg of the toxin diluted in 1 ml of water. The LC 
was 271.1 mg/ml for 72 hours (Valicente and Fonseca, 2004). 
2.14 EFFECT OF LETHAL AND SUB LETHAL CONCENTRATION ON 
THE POST EMBRYONIC DEVELOPMENT 
A thorough scan of existing literature revealed that little is known with 
regard to this aspect. However, the work of Abdallah and Abdul Nasar (1970) 
needs a special mention here, who studied the exposure of larvae to 
sub-lethal concentration of 8. thuringiensis and noticed that the larval period 
of Spodoptera littoralis (Boisduval) increased significantly. 
Dulmage and Martinez (1973) stated that the constant exposure of 
H. virescens larvae to sub-lethal doses of endotoxin retarded the development 
with reduction in larval weight, pupation and adult emergence. 
Dulmage et ai, (1978) noticed a critical growth phase responsible for 
such deformities in the insect. They assigned this stage between hatch and 
the third instar of H. virescens. Once this stage is over, little difference occurs 
between treated and control larvae. They also experienced that the sub-lethal 
doses and endotoxin did not cause direct mortality of the host. Abdulsattar 
and Watson (1982) noticed an increased in larval and pupal period of 
H. virescens after exposure to the bacterium. However, longevity and 
fecundity of adults and the viability of eggs remained unaffected. 
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Salama (1985) observed the adverse effect on the fecundity and 
longevity of S. littoralis, when the moths were directly fed on sucrose diet 
containing 17.2 x 10^ lU of 8. thuringiensis subsp. galleriae. 
Yang et a/., (1985), while studying the secondary effect of 
8. thuringiensis subsp. I<urstaki against the larvae of S. litura, found poor 
pupation followed by poor emergence of the adults, which finally did not lay 
eggs at all. Bakr et a!., (1986) observed that application of 8. ttiuringiensis 
directly on the eggs of H. annigera did not affect the hatching at all. 
West et ai, (1987) stated that larvae of spruce budwomn, which 
recovered after bacterial infection, took more time for their development and 
produced lighter pupae in comparison to untreated individuals. 
Shehata and Nasar (2000) studied two 6. thuringiensis commercial 
products (Bactospeine and Biofly) against citrus flower moth, Prays citri Milliere. 
Results indicated that the pathogenic effect of Bactospeine was higher than 
that of Biofly, which caused reduction in the number of eggs/female by 81.70 
per cent and decreasing the larval infestation by 90.08 per cent. 
Efficacy of spinosad at 10, 20, 30 and 40ml/100 I liter concentration 
was compared to that of Dipel, at 150g/100 litre concentration. Spinosad 
showed significantly, 100 per cent pest reduction of Virachola livia (Klug) at 
date palm trees. However, Dipel showed a pest reduction of only 15.5 per 
cent and 18.5 per cent in two consecutive years, respectively. Unhatched 
eggs treated with spinosad at 10 to 40 ml/100 litres, ranged from 20 per cent 
to 29 per cent and from 17 per cent to 23 per cent in two consecutive years. 
However, Dipel did not show any ovicidal activity (Temerak and Sayed, 2001). 
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Gujar et al., (2001) studied sub lethal concentration of B. thuringiensis 
subsp. kurstaki HD-1 on the first, third, fourth and fifth instar larvae of the 
H. armigera, to investigate their response for food consumption, digestion, 
utilization, and their development until adult formation. They observed that, 
treated first instar and third instar larvae delayed larval period by two to three 
days, but did not consume more food compared to the control. However, the 
fifth instar treated larvae in its fourth instar consumed lesser food, showed 
lesser absorption efficiency in digested food, depending upon insect growth. 
The insects surviving 6. thuringiensis subsp. kurstaki sub lethal toxicity adapt 
normal growth when fed on untreated food. 
Twenty-four hours old, twenty eggs of S. obliqua were dipped for one 
minute in the solutions viz., methoxyfenozide (2 ml RH-2485/litre), B. thuringiensis 
(2 g/litre), B. bassiana (2 g/litre), neem seed kernel extract (5 per cent) and 
endosulfan (2 ml/litre) to assess the mortality or unhatched eggs. 
Methoxyfenozide registered 70 per cent egg mortality, followed by 
B. thuringiensis, which recorded 60 per cent egg mortality. 6. bassiana 
caused mortality to about one-third of the eggs, while NSKE prevented one-
fourth of the eggs from hatching. Endosulfan resulted in 90 per cent egg 
mortality (Singh, 2002). 
2.15 EFFECT OF B. THURINGIENSIS ON pH OF HAEMOLYMPH AND 
GUT CONTENT 
An important role played by pH of the insect gut in determining the 
toxicity of B. thuringiensis has been reviewed and discussed by host of 
workers and it has been summarized below. 
Hannay and fitz-james (1955) found that the crystal toxin of 
e. thuringiensis dissolves at pH 11.8. Angus and Heimpel (1956) carried out 
the studies on the pH of haemolymph and gut content of Bombyx mori (L.) 
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larvae infected with 6. sotto. They found an augmentation in blood pH and 
diminution in the pH of gut content of treated larvae. Subsequent studies 
conducted by them in 1959, further revealed an increase of 1.5 pH unit of 
alkalinity in the haemolymph of B. mori. 
Mortouret et ai, (1965) found that larval midgut pH of P. brassicae 
dropped in 24 hours from 9.00 to 6.62 after feeding on the LD100 dose 
(0.5 Mg/gm) of crystal. They also suggested that the drop in midgut pH by 
1.0 to 1.5 pH unit brings about the damage of gut epithelium. Govindrajan ef 
ai, (1975) observed no marked change in pH of haemolymph and midgut of 
S. lltura larvae after intoxication with 6. thuringiensis. 
The Insecticidal activity of B. thuringiensis subsp. kurstaki HD-1 and 
Bacillus strain FA-3 were evaluated against Periplaneta americana (L.) and 
Lucilia cuprina Wiedemann, through force feeding and microinjection to 
observe the bacterial impact on the survival, histology and haematology of the 
test insect. Both bacterial strains were found to caused abnormalities and 
destruction in the haemolymph and gut cells, respectively. Injected insects 
reach the higher level of mortality than fed insects. 6. thuringiensis was found 
to be more toxic as compared to FA-3 strain (Qamar and llyas, 1998). 
An experiment was conducted on S. litura, fed with S. thuringiensis subsp. 
kurstaki to study the effect of temperature, light and pH on feeding inhibition, 
pupation and adult emergence. Mean per cent reduction in food consumption of 
the third instar larvae gradually increased, both in pure culture and 6. 
thuringiensis fonnulation when exposed to 10-40 °C. The maximum reduction in 
food consumption was observed at pH 10 (Somasekhar and Krishnayya, 2004). 
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2.16 EFFECT OF B. THURINGIENSIS ON HAEMOLYMPH PROTEIN 
Haemolymph plays a vital role in maintaining the chemical balance 
between the organs. It contains protein, carbohydrates, vitamins, salt and 
different levels of inorganic ions. 
Protein, which is an important constituent, has been the subject of 
review by Wyatt and Pans 1978). 
Subramanian and Gujar (2000) conducted studies on the antibacterial 
activity in the haemolymph of H. armigera fifth instar larvae immunized with 
live bacteria. Results indicated induction of lysozyme activity of immune 
larvae. Polyacrylamide gel electrophoresis of haemolymph showed that at 
least 10 major proteins with molecular weights ranging from 14 to 77.5 kDa 
are produced de novo in response to bacterial inoculation. Of which two 
proteins appeared to be closely related to lysozymes. The haemolymph of the 
immune larvae showed highest antibacterial activity to B. megaterium 
followed by B. subtilis. However, B. thuringiensis subsp. kurstaki was found 
resistant to immune haemolymph. 
2.17 8. THURINGIENSIS IN COMBINATION WITH INSECTICIDES 
Benz (1971) prepared an excellent review on compatibility of chemical 
pesticides with S. thuringiensis and concluded the most of the insecticides 
are compatible with the bacterium having little or no effect on spore 
germination or cell multiplication. He further added that low concentration of 
carbamate and organophosphates did not effect bacterial growth rather in 
certain cases improved it, whereas chlorinated hydrocarbons inhibited the 
growth of tested pathogen. 
46 
Creighton et al., (1973) studied the effect of carbaryl and chlordimeform 
in combination with the bacterium (Dipel subsp. alesti) against H. zea. They 
observed an additive effect in combination with these chemical pesticides. 
Jaques and Morris (1981) carried out a test in the field against the imported 
cabbage worm and the cabbage looper by a mixture of microbial and 
chemical insecticides and he observed that the protection to the crop and 
yield of plots treated with B. thuringiensis @ 0.5 and permethrin 0.1 per cent 
or B. thuringiensis 0.5 and pennethrin 0.25 per cent were at par statistically. 
Vijay et al., (2005) transferred the adults of Diadegma fenestralis 
Himage and Cotesia plutellae (Kurdyumov) into vials containing filter paper 
soaked in solutions of malathion (0.05%), fenvalerate (0.01%), fipronil 
(0.007%), cypermethrin (0.015%), Achook [Azadirachta indica extract] (0.3%), 
and cypermethrin (0.0075%) + B. ttiuringiensis (0.15%) and evaluated the 
parasitoid mortality after 06 hours, 24 hours and 48 hours of exposure. They 
observed the highest mortality in C. plutellae caused by malathion (74.44%), 
followed by fipronil (57.77%), cypermethrin (27.77%), fenvalerate (15.55%), 
cypermethrin + S. thuringiensis (14.44%) and Achook (4.44%). 
Rashmi and Singh (2005) studied the control of pod borer H. armigera on 
tomato with B. thuringiensis subsp. kurstaki (Btk) along with zone-recommended 
insecticides. The results revealed that the mixture of Btk and endosulfan 
exhibited the maximum reduction in larval population. However, individual 
treatments of Btk and of endosulfan were found to be significantly inferior than 
their combination. 
MATERIALS AND METHODS 
In the present chapter details of materials used and the techniques 
employed for various investigations of the proposed plan of work are dealt 
under the following heads: 
SYSTEMATIC POSITION 
Test Insect: Bihar hairy caterpillar, Spilarctia obliqua (Walker). 
Phylum: 
Class: 
Order: 
Family: 
Genus: 
Species: 
Arthropoda 
Insecta 
Lepidoptera 
Arctiidae 
Spilarctia 
obliqua 
Test Pathogen: Bacillus thuringiensis Berliner. 
Kingdom: 
Phylum: 
Class: 
Order: 
Family: 
Genus: 
Species: 
Bacteria 
Firmicutes 
Bacilli 
Bacillales 
Bacillaceae 
Bacillus 
Thuringiensis 
3.1 TEST MATERIALS 
The following B. thuringiensis subspp. and strains (subspp/strains) 
were tested during the course of present study. 
1. S. thuringiensis subsp. /ct/rsfa/c/strain path-1 {Btk path-1). 
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2. 6. thuringiensis subsp. galleriae {Bt galleriae). 
3. B. thuringiensis subsp. sotto {Bt sotto). 
4. S. thuringiensis subsp. entomocidus {Bt entomocidus). 
5. S. thuringiensis subsp. thuringiensis {Bt thuringiensis). 
6. S. thuringiensis subsp. aizawai {Bt aizawai). 
7. S. thuringiensis subsp. /cursfa/c/strain HD-1 (Sf/c HD-1). 
8. S. thuringiensis subsp. I<urstal<i strain HD-73 (Sf/c HD-73). 
9. a thuringiensis untypified strain N1C1 (Sf N1C1). 
10. Commercial formulation, Dipel® 8L (Dipel). 
Hence fourth in the following text in subsequent chapters the above 
mentioned abbreviations would be used. 
3.1.1 Source of pathogens 
8. thuringiensis subspp. gallenae, sotto, entomocidus, thuringiensis, 
aizawai and Bt path-1 were collected from Insect pathology laboratory, 
Bt HD-1 and Bt HD-73 from Dr. G. T. Gujar laboratory, Division of Entomology, 
Indian Agricultural Research Institute, New Delhi. Whereas, Bt N1C1 was 
collected from Dr. O. M. Bambawale laboratory. National Centre for Integrated 
Pest Management, New Delhi. 
3.2 PREPRATION OF TEST MATERIAL 
3.2.1 Rearing of insect 
Bihar hairy caterpillar, S. obliqua is a polyphagous pest and found 
active from July to October and February to April on various agricultural crops, 
but it certainly manifests the marked preference for castor in field. Life cycle of 
the test insect completed in a month (Plate-1). 
^ 
o 
03 
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The laboratory culture of S. obliqua was maintained throughout the 
year by rearing them in a B.O.D incubator at constant temperalure of ^  ± 1°C 
and 70 ± 5 per cent relative humidity (RH). 
3.2.1.1 Collection of adults: 
The moths were collected from different geographical locations viz., 
Aligarh (Uttar Pradesh) and Delhi field/bunds. Mating pairs (Plate- 2a) were 
caged in jar containing cotton soaked in 10 per cent sucrose solution wrapped 
around a microscopic slide. Vertical strips of paper were kept in the jar for egg 
laying. 
3.2.1.2 Collection of eggs: 
The egg masses of S. obliqua were recovered from collected moths. 
These eggs were used for raising the initial culture of test insect in the 
laboratory (Plate- 2b & c). 
3.2.1.3 Sterilization of eggs: 
The eggs were disinfected with two per cent Formaldehyde for half 
an hour in petridishes followed by washing with running water. Thereafter, the 
eggs were dried on the blotting paper and kept for hatching, which lasted four 
to five days. 
3.2.1.4 Rearing of larvae: 
The freshly hatched larvae (Plate- 2d) were reared in mass (45-50) 
exclusively on castor leaves in clean plastic jars of 15 x 20 cm. The mouth of 
the jars were covered with a piece of muslin cloth secured tightly with a rubber 
band. The jars were sterilized with ethyl alcohol after washing with soap and 
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water, whereas castor leaves were treated with KMn04 solution for five 
minutes followed by washing with running water. These leaves were dried 
under shade and provided to the experimental larvae. The larval period lasted 
for 20 to 25 days. 
Since, sex were not discernible during the larval stage, it is quite 
probable that both the sexes of 3"^  instar (Plate- 2e) were used during the 
experimentation. 
3.2.2 Preparation of bacterial concentration 
Seventy-two-hours old nutrient agar slants of above mentioned nine 
subspp/strains were prepared and stored in the refrigerator at 4°C until used. 
Loopsful of bacterial growth from these slants were then used to inoculate 
500 ml Erienmeyer seed flasks containing 100 ml of nutrient broth 
(Pronadisa, Hispan Lab. S.A.) that had been autoclaved at 121°C for 35 
minutes. After these flasks were incubated on a rotary shaker at 280 rpm at 
32°C for 24 hours, 3 per cent (by volume) of the first passage seed were 
used to inoculate second similar seed flasks that were then incubated 18-24 
hours at the same conditions. 
The fermentation medium used in the studies had the following 
composition in g/liter of distilled water: Gelatin peptone 5 and Beef extract 3. 
The medium was distributed at the rate of 125 ml/500 ml Erienmeyer flask or 
500 ml/2000 ml Erienmeyer flask. Then all the flasks were autoclaved at 
121°C for 35 minutes and inoculated with 2 per cent (by volume) of the 
second passage seed, and incubated at 280 rpm and 32°C on the rotary 
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shaker for four days and the resulting precipitate was recovered by filtration. 
The product was washed with acetone and dried. 
The number of viable spores were determined by first pasteurizing 
samples for 10 minutes at 65°C and then plating them in nutrient agar, using 
three plates for each dilution. The plates were incubated 36-48 hours at 
30-32°C (Dulmage, 1970). 
Media pH was adjusted to 7.0 with 1N HCI before centrifuging. The 
samples were centrifuged in high speed refrigerated centrifuge, Kontron 
Hermie make model Centrikon 410 with AS 8.2 fixed angle rotor at 10,000 
rpm for 20 minutes. The supernatant fluid which contained less than one per 
cent of the spores and crystals was discarded and the thick, creamy residue 
was re suspended in a small amount of 4-6 per cent lactose solution and 
diluted with additional lactose solution until the final volume was between one-
tenth and one-twentieth that of the original media. Then the mixture was 
stin-ed 15-30 minutes to obtain even distribution of the suspended cream, 
4 volumes of acetone were added gradually to each volume of the suspension 
while the stirring was continued, and the resulting aqueous acetone 
suspension was stirred an additional 30 minutes and filtered with suction in a 
Buchner funnel by using Whatman No.1 filter paper. The acetone precipitate 
was now washed twice by stirring it with a small amount of acetone and dried 
overnight, in a vacuum desiccator (Dulmage etal., 1970). 
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FLOW SHEET: RECOVERY PROCESS FOR SPORE-CRYSTAL COMPLEX 
Whole media - pH 8.4 - 8.7 
Supernatan 
(discard) 
Filtrate 
(discard) 
Filtrate 
(discard) 
Filtrate 
(discard) 
1 
Adjusted to pH 7.0 with HOI i 
Cgntrifuge 
Residue i 
Suspend in 1/10-1/20 
(Based on original media) 
4-6% lactose i 
Stir 30 minutes i 
Add slowly while stirring 
4 vol. acetone 
Stir 30 minutes 
Let stand 10 minutes i 
Filter with suction 
Filter with suction 
volume acetone 
I volume acetone 
Filterwith suction 
Residue 
1 
Dry over night 
The spore-crystal complex was recovered by the procedure of 
Dulmageefa/., (1970). 
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3.2.3 Measurement of spore counts 
The number of viable spores was determined by plating sample in 
nutrient agar after pasteurization for ten minutes at 65°C. Three plates 
used for each dilution were incubated 36-48 hours at 31 ±1 °C. 
3.2.4 Preparation of different treatment concentrations 
Ten per cent stock solution (w/v) of different 6. thuringiensis 
subspp/strains was prepared seperately from dried powder (spore-crystal 
complex) by adding lOOOmg of powder to 10 ml double distilled water (DDW). 
The concentrations required for the final spray in the experiments were 
calculated by Pearson's square method, as explained by the example. 
10 per cent 
microbial stock solution 
0.05 ml of 
miccQj^ ial stock solution 
Bulk diluent (DDW) 9.95 ml of DDW 
Thus to prepare 0.05 per cent of spray solution, 0.05 ml of 10 per cent 
microbial stock solution and 9.95 ml of DDW is required. Proprietary product 
was also diluted by DDW for preparing the desired concentrations. 
3.3 IVIICROBIAL TREATIVIENT OF S. OBUQUA LARVAE 
Bioassays for screening the different B. thuringiensis subspp/strains 
were carried out by leaf dip method. Castor leaves ware cut in disk size 
(10 cm) and dipped directly in to the prepared concentration. The treated 
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leaves were dried under ceiling fan for about 10 minutes. For control the 
leaves were dipped in only DDW. Twenty laboratory reared third instar larvae 
of S. obliqua were released in a jar (15 x 20 cm), covered with black cloth and 
allowed to feed on the treated leaves for twenty-four hours, thereafter fresh 
food was provided to them. Mortality of the larvae was recorded after every 
24 hours till the surviving larvae/control larvae pupated. The temperature 
and relative humidity during the experiment were maintained at 28 ± 1°C and 
70 ± 5 per cent, respectively. Each treatment including control was replicated 
thrice. A series of six concentrations were prepared for carrying out the 
bioassays. The concentrations were 0.12, 0.10, 0.08, 0.06, 0.04, 0.02 percent 
and an untreated control. 
3.4 ANALYSIS OF DATA 
3.4.1 Assessment of efficacy 
Mortality of the treated insects was recorded twenty-four hours after the 
treatment. Both moribund and dead larvae were counted as dead for the 
calculation of per cent mortality. The average per cent mortality of three 
replications was calculated for each concentration and was corrected by 
Abbott's formula (1925) as given below. This took into account any natural 
mortality as might be observed in the case of control. 
T -C 
Abbott's formula: Correct per cent mortality = x 100 
100-C 
Where T: percent mortality in treatment 
C: Percent mortality in control 
The regression equation and LC50 value of each treatment were 
calculated statistically by probit analysis (Finney, 1971). In each experiment 
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there were six degrees of freedom except Dipel in which degrees of freedom 
were five. In none of the cases, the data was found to be heterogeneous at 
P = 0.05; where Y = probit kill, X = log concentration and LC5o= concentration 
(per cent) required to give fifty per cent mortality. 
3.4.2 Comparison of log LC 50 values by 't' test 
The 't' test was employed to compare the Log LC50 values of different 
6. thuringiensis subspp/strains. 
For example, the't' value for testing the difference between the Log LC50 values 
of Btk path-1 and Bt galleriae was calculated as follows: 
Bacterial Pathogen Log LC50 +S.Em. 
(a) T1. ef/c strain Path-1 2.095438 0.380115 
(b) T2. Bt galleriae 2.085715 0.382356 
S. Ed = {(0.380115)2 + (0.382356)2}^'2 
= {0.144487413 + 0.14619611}^'^ 
= {0.290683523}^'^ 
Log LC50 (a) - Log LC50 (b) 
T value = 
S.Ed. 
2.095438-2.085715 
0.539150742 
0.018033917 
df = (ni + na) -2 , where ni and na represent the number of concentration 
treated with each set of experiment 
d f = ( 7 + 7 ) - 2 = 12 
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The table value of't' at 
12 clf = 2.18 at 5% level 
12 df = 3.06 at 1% level 
In this way the 't' values for testing the difference between Log LC50 of 
different combinations were calculated. 
3.5 TO DETERMINE THE LC50 VALUES OF DIFFERENT 
a THURINGIENSIS SUBSPP / STRAINS AGAINST SUSCEPTIBLE 
AND LESS SUSCEPTIBLE POPULATION OF S. OBUQUA 
Nine different subspp/strains and one connmercial formulation (Dipel) of 
B. thuhngiensis were studied against different larval stages of S. obliqua at 
28 ± 1°C and 70 ± 5 per cent relative humidity. Small and uniform size castor 
leaves, were treated with each subsp/strain of entomopathogen. Twenty 
larvae at third instar already starved for two hours were released on the 
treated leaves in three replications for twenty-four hours for feeding and 
thereafter untreated food was provided to them till pupation. 
Observations on mortality of larvae were recorded after every twenty 
four hours till the pupation. Moribund larvae were also considered as dead. In 
control, leaves were treated with distilled water only. The data, thus, recorded 
were subjected to probit analysis for calculating the LC50 values. 
3.6 TO IDENTIFY THE MOST SUSCEPTIBLE STAGE OF S. OBLIQUA 
AGAINST DIFFERENT SUBSPP/STRAINS OF B. THURINGIENSIS 
The efficacy of different subspp/strains of B. thuhngiensis was tested in 
the laboratory against first, second, third, fourth, fifth and sixth instar larvae of 
S. obliqua. Twenty larvae from same age group, starved for two hours, were 
released on treated leaves (0.075 per cent concentration) of S. thuhngiensis 
subspp/strains in a jar of 15 x 20 cm. After twenty-four hours, untreated food 
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was provided regularly to the larvae till pupation. In control, leaves were 
dipped in DDW only. There were three replications for each subspp/strains 
tested. Observations on larval mortality were recorded each day after twenty 
four hours. The data, thus, recorded on larval mortality were statistically 
analyzed as per complete randomized design for the test of significance. 
3.7 TO DETERMINE THE RESIDUAL EFFICACY OF DIFFERENT 
B. THURINGIENSIS SUBSPP/STRAINS AGAINST S. OBLIQUA 
To carry out this experiment, eleven small plots (6 x 6 m) of castor crop 
were grown in the Kharif season of 2004 at Indian Agricultural Research 
Institute fields. The variety sown was DCS- 09. Recommended agronomic 
practices were followed to raise the crop. Each plot was sprayed with 0.1 per 
cent concentration of the requisite S. thuringiensis subspp/strains using a 
knapsack sprayer @ 600 I/ha of spray fluid. For the sprays requisite amount 
of 72 hours old nutrient broth cultures of different B. thuringiensis 
subspp/strains were taken and to that 0.5 ml of Teepol was used as sticking 
and spreading agent. Leaves were plucked from these plots to feed the larvae 
in the laboratory experiment. This experiment was performed in glass 
chimneys, inverted on Petri dishes having leaves of treated castor plants, 
dipping its petiole in a small plastic container containing water to maintain the 
turgidity of leaf. In each chimney third instar larvae, starved for two hours, 
were released for different duration viz., 24, 48, 72, 96,120, 144, and 168 
hours. After releasing the larvae in each chimney, its open end was covered 
with muslin cloth tightly secured with a rubber band. Untreated food was 
provided regularly after the treatment. Sixty larvae were used in each 
treatment, having twenty larvae in each replicate. In control treatment the 
leaves from untreated plot were used. The significance of the treatments was 
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worked out by complete randomized design. Their respective PT values were 
also worked out to estimate their persistence in field. 
3.8 EFFECT OF LETHAL CONCENTRATION (LCso) OF DIPEL ON 
THE POST EMBRYONIC DEVELOPMENT OF S. OBUQUA 
To study the effect of Dipel (lethal concentration) on the post 
embryonic development of S. obliqua, seven days old larvae, starved for two 
hours, and Dipel at a concentration of 0.075 per cent were used for the 
treatment. A group of 60 larvae was released on castor leaves, treated with 
Dipel and allowed them to feed for twenty-four hours and there after untreated 
leaves were supplied to them till they pupated. To compare the results 
suitable check was also run with the same number of larvae. Surviving larvae 
seven days after the treatment, were employed to record further observation 
on the following aspects. 
3.8.1 Effect on growth and development of larvae and pupae 
3.8.1.1 Length and weight of larvae and pupae 
Length and weight of full-grown larvae and freshly formed pupae 
were recorded on twenty insects selected randomly from each group (treated 
and control) of insects. 
3.8.1.2 Larval and pupal duration 
Seven days after treatment twenty larvae from infected and healthy 
groups were selected randomly and were reared individually in small glass 
tubes. Daily observations were made in respect of pupation, adult emergence 
and mortality at different stages. 
59 
3.8.2 Effect on growth and development of adults 
3.8.2.1 Size of adults 
Adults emerged from infected and healthy larvae were selected 
randomly in twenty numbers from each group and observations were made on 
their body length and wing expanse. 
3.8.2.2 Fecundity and longevity of adults 
At the pupal stage sex differentiation was made for both sets of 
larvae. Selected twenty male and twenty female pupae from treated and 
untreated groups were kept separately for the emergence of adults. Soon 
after the emergence one male and one female moth was transferred into a 
glass jar, containing turgid castor leaf and 10 per cent sucrose solution for 
the oviposition and feeding, respectively. Twenty pairs of adult were 
selected from treated and untreated groups and observations on fecundity 
and longevity of the female moths were recorded. 
3.8.2.3 Fertility of Eggs 
For hatching two hundred eggs each from treated and untreated group 
per replication were disinfected with two per cent formaldehyde for half an 
hour followed by washing with running water. Thereafter, eggs were dried on 
the blotting paper and kept for hatching in Petri dishes, which lasted for 4-5 
days. Total number of eggs hatched from them was noted and thus, per cent 
egg viability was worked out. 
The data obtained on the above parameters were analyzed 
statistically to calculate the means and standard deviations. 
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3.9 EFFECT OF SUB-LETHAL CONCENTRATION (LC20) OF DIPEL ON 
THE POST EMBRYONIC DEVELOPMENT OF S. OBUQUA 
The materials used and technique employed in this trials were just 
similar to that adopted in the foregoing experiment except the concentration of 
Dipel, which was used at 0.03 per cent. Seven days old larvae of S. obliqua, 
starved for two hours, were allowed to feed on Dipel treated leaves for twenty-
four hours and there after untreated leaves were provided to them for the 
remaining period of their development. Observations on larval, pupal length 
and weight, their respective durations, size of adults, fecundity, longevity and 
viability of eggs were also recorded In the same way as described eariier. 
3.10 EFFECT OF DIPEL ON THE pH OF HAEMOLYMPH AND MIDGUT 
This study was made against the larvae of S. obliqua after inoculation 
with the pathogen and pH was determined with the help of narrow range 
Qualigens (Glaxo) pH indicator paper, following the method of Govindrajan 
e/a/., (1976). 
Seven days old one hundred larvae of the test insect were fed on 
castor foliage treated with Dipel 0.03 per cent for 24 hours and thereafter 
untreated leaves were offered to them for feeding. Same number of larvae, 
reared from the same egg mass, was fed on untreated foliage of castor, which 
served as control. 
The pH of intoxicated and controlled larvae was estimated at an 
interval of 24 hours till the treated insects assumed the moribund stage. 
3.10.1 pH of haemolymph 
Ten individuals each from treated and untreated group, per replication 
were picked up at regular interval and a drop of haemolymph was obtained 
from them directly on the indicator paper by cutting the 4"^  abdominal proleg 
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with the help of a scissors. The color, thus, produced on the paper was 
compared with the standard color chart to note the value of pH. 
3.10.2 pH of gut content 
Alimentary canals of test larvae was removed and washed thoroughly 
with distilled water. After that alimentary canals were dried on blotting paper, 
then cut into fore, mid and hind gut, on a clean glass slide. Following this, mid 
gut was picked up with the help of forceps and gut content was squeezed out 
directly on indicator paper to match the value from the standard color chart. 
Data, thus, obtained were analyzed statistically for the mean value 
and standard deviation. 
3.11 EFFECT OF DIPEL ON HAEMOLYMPH PROTEIN 
The haemolymph protein of seven days old S. obliqua larvae was 
determined by following the techniques of Lowry et al., (1951). For this 
experiment 100 larvae, hatched from the single egg mass were selected. Out 
of these, 50 larvae were fed on 0.03 per cent Dipel treated castor foliage for 
24 hours and the remaining larvae were fed on untreated foliage, which 
served as control. Five larvae from the treated group and the same number 
from the control were selected at regular interval of 24 hours and the 
haemolymph sample was collected as per the procedure given below. The 
experiment was terminated 96 hours after the treatment. 
3.11.1 Sampling of haemolymph 
One |jl of haemolymph per larva was collected from selected larvae by 
cutting one pair of proleg from the base and sucking it with the help of 
micropipette. The blood, thus, collected was directly added to one ml of distilled 
water contained in tube of 5 ml capacity (Gujar and Chaudhary, 1983). 
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The haemolymph collected from each larva was kept separately and 
each sample was considered as single replication. Thus, five samples each 
from treated and untreated group were analyzed as per procedure described 
below: 
3.11.2 Procedure 
Reagents used 
1. Alkaline sodium carbonate solution (20 g/b. NaaCOa in 0.1 
mol/lit NaOH. 
2. Copper sulphate - sodium potassium tartrate solution (5 g/l CUSO4. 
5H2O in 10 g/lit. Na, K tartrate) prepared freshly by mixing stock 
solution. 
3. Alkaline solution prepared on day of use by mixing 50 ml of (1) and 
1 ml of (2) solution. 
4. Folin - Ciocalteau reagent diluted with an equal volume of water on 
the day use. 
5. Standard protein (BSA). 
To one ml of test solution, five ml of alkaline solution was mixed 
thoroughly and allowed to stand at room temperature for ten minutes. 
Thereafter, 0.5 ml of diluted Folin-Ciocalteau reagent was added to it rapidly 
with immediate mixing and left for 30 minutes. Now the solutions were taken 
in the observational tube of photometer and reading was recorded from 
spectrophotometer (Ciba Corning 2800 Spectroscan) against the blank at 750 
nm. The protein content in haemolymph was noted from the standard curve 
prepared from Bovine Serum Albumin (BSA). 
To prepare the standard curve, different concentrations of BSA viz., 20, 
40, 60, 80 and 100 ^ig/ml, were prepared from the stock solution of 200 ng/ml. 
The reading of each known concentration of standard protein was worked out 
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by following the procedure described earlier. The values, thus, obtained were 
statistically analyzed to find out their respective calculated values. The 
standard curve was drawn from the calculated values (y axis) and the strength 
of protein (x axis) and it was found in a straight line (Fig-1). 
3.12 EFFICACY OF DIPEL IN COMBINATION WITH INSECTICIDE 
AGAINST THE LARVAE OF S. OBUQUA 
Replicated experiments were conducted inside the laboratory to 
evaluate the effectiveness of Dipel in combination with insecticides against 
third instar larvae of S. obliqua. There were three replications for each 
treatment. For each replication twenty laboratory reared third instar larvae 
were used. Leaf dip method was adopted to observe the efficacy of 
commercial formulation Dipel in combination with chlorpyrifos and endosulfan 
separately. Larvae were released on treated leaves for a period of 24 hours, 
thereafter fresh food was provided to them for further development. The larval 
mortality was recorded at an interval of two, four, eight, and ten days after 
treatment. 
3.13 STATISTICAL ANALYSIS 
The data was analyzed by complete randomized design (CRD) and 
critical differences (CDs at p = 0.05 and 0.01) were calculated wherever 
needed. Before analysis the percentage data were subjected to angular 
transformation. Zero proportion was removed by using equation (1/4n) x 100, 
where n= number of insects. Hundred per cent proportion was removed by 
using equation (1/4n) - 100, where, n= number of insects. 
to 
n 
c 
o 
a. 
k. 
o 
(A 
< 
6 8 10 12 14 
Concentration of BSA (ppm) 
Fig 1. Standard curve of estimation of protein content in haemolymph. 
EXPERIMENTAL FINDINGS 
4.1 EFFICACY OF DIFFERENT B. THURINGIENSIS SUBSPP/STRAINS 
AGAINST SUSCEPTIBLE POPULATION OF S. OBLIQUA 
Bioassays were done separately with each of five B. thuringiensis 
subspp. viz., Bt galleriae, Bt sotto, Bt entomocidus, Bt thuringiensis and 
Bt aizawai; four 8. thuiingiensis strains viz., Btk path-1, Btk HD-1, Btk HD-73 
and Bt N1C1 along with commercial formulation Dipel to determine 
the bioefficacy of each microbial pathogen against third instar larvae of 
Spilarctia obliqua (Walker). 
It was revealed from Table-3 that all the five B. thiuringiensis subspp, 
four B. thuringiensis strains along with commercial formulation Dipel were 
effective against the larvae of S. obliqua (Plate-3). 
The relative efficacy values of B. thuringiensis subspp/strains have 
been worked out by taking LC50 value of Dipel as unity with each of 
6. thuringiensis subspp/strain presented below. 
On the basis of LC50 values results clearly reveal that all the 
B. thuringiensis subspp/strains were less effective than Btk HD-73. Bt sotto was 
found to be more effective than other S. thuringiensis subspp/strains viz., 
Bt galleriae, Bt entomocidus, Bt thuringiensis, Bt aizawai, Btk Path-1, Btk HD-1, 
Bt NICl and Dipel (Fig-4). The order of relative efficacy was Btk HD-73 
(2.0588) > Bt sotto (1.8570) > Bt aizawai (1.6574) > Bt N1C1 (1.4930) > Btk 
HD-1 (1.1962) > Bt thuringiensis (1.0716) > Dipel (1.0000) > Bt entomocidus 
(0.9098) > Bt galleriae (0.8443) > Btk Path-1 (0.7699). However, Btk HD-73, Bt 
sotto, Bt aizawai, Bt H^Cl, Btk HD-1 and Bt thuringiensis were respectively, 
2.0588, 1.8570, 1.6574, 1.4930, 1.1962 and 1.0716 times more effective than Dipel 
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whereas, Bt entomocidus, Bt galleriae and Btk Path-1 were found 0.9098, 
0.8443 and 0.7699 times, respectively less effective than Dipel. 
On the basis of 't' (Table) values the differences between log LC50 
values of Btk Path-1 with Bt sotto, Bt thuringiensis, Bt aizawai, Btk HD-1, Btk 
HD-73, Bt N1C1 and Dipel were observed significant at 1 per cent level. 
Bt entomocidus also differ significantly with Btk Path-1 at 5 per cent level. 
There were no significant differences among Bt galleriae and Btk Path-1. The 
order of significance was Btk HD-73 > Bt sotto > Bt aizawai > Bt N1C1 > 
Btk HD-1 > Bt thuringiensis > Dipel > Bt entomocidus > Bt galleriae (Table- 4). 
On the basis of't ' values it was revealed that the differences between 
log LC50 values of Bt galleriae with each of Bt sotto, Bt thuringiensis, Bt aizawai, 
Btk HD-1, Btk HD-73 and Bt N1C1 were found significant at 1 per cent level. 
However, the differences between Dipel and Bt galleriae were found to be 
significant at 5 per cent level. There was no significant difference between 
Bt galleriae and Bt entomocidus. The order of significance was Btk HD-73 > 
Bt sotto > Bt aizawai > Bt N1C1 > Btk HD-1 > Bt thuringiensis > Dipel > 
Bt entomocidus, 
Table-4 indicated that the differences between log LC50 values of Bt sotto 
with each of Bt entomocidus, Bt thuringiensis, Btk HD-1, Btk HD-73 and Dipel 
were found significant at 1 per cent level. However, Bt aizawai and Bt N1C1 did 
not differ significantly with Bt sotto. The order of significance of pathogen was 
Bt entomocidus > Dipel > Bt thuringiensis > Btk HD-1 > Btk HD-73 > Bf N1C1 > 
Bt aizawai. 
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On the basis of 't' values it was observed that the differences between 
log LC50 values of Bt entomocidus with each of Bt aizawai, Btk HD-1, Btk 
HD-73 and Bt N1C1 differ significantly at 1 per cent level. However, the 
differences between Bt ttiuringiensis with Bt entomocidus were found 
significant at 5 per cent level. There were no significant difference among 
Bt entomocidus and Dipel. The order of significance of 6. tt)unngiensis was 
Btl< HD-73 > Bt aizawai> Bt N1C1> Bf/c HD-1 > Bt ttiuringiensis > Dipel. 
Significant differences were observed between log LC50 values of 
Bt ttiuringiensis with each of Bt aizawai, Btk HD-73 and Bt N1C1 at 1 per cent 
level. The differences between Bt ttiuringiensis with Btk HD-1 and Dipel were 
found non-significant. The order of significance of the tested pathogen was 
Btk HD-73 > Bt aizawai> Bt N1C1> Btk HD-1 > Dipel. 
As shown in the Table-4 on the basis of't ' values it was revealed that 
significant differences existed between log LC50 values of Bt aizawai with each of 
Btk HD-1, Btk HD-73 and Dipel at 1 per cent level. However, non-significant 
differences were observed between Bt N1C1 and Bt aizawai. The order of 
significance of the pathogen was as Dipel > Btk HD-1 > Btk HD-73 > Bt N1C1. 
On the basis of 't' values significant differences were observed 
between log LC50 values of Btk HD-1 with each of Btk HD-73 and Bt N1C1 at 
1 per cent level. However, significant differences were observed between log 
LC50 values of Btk HD-1 and Dipel at 5 per cent level. The order of 
significance of test pathogen was as Btk HD-73 > Bt N1C1 > Dipel. 
The differences between log LC50 values of Btk HD-73 with each of 
6f N1C1 and Dipel were highly significant at 1 per cent level. The order of 
significance of pathogen was as Dipel > 8f N1C1. 
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The regression line of different 6. thuringiensis subspp/strains in 
relation to Aligarh population is presented in Fig. 2a to 2j. 
The data generated on LC values of S. obliqua larvae (Table-5), 
collected from Aligarh field, against different 8. thuringiensis subspp/strains 
reveal the lowest LC50 value in case of Btk HD-73 and highest in case of Btk 
path-1. However, lowest LC90 value was found in case of Bt sotto and highest 
for Btk path-1. Highest LC95 value was also found in case of Bt path-1 and 
lowest in case of Bt N1C1. The highest LC99 value was found in case of Bt 
galleriae whereas, lowest in case of Bt N1C1 (Fig-5). 
4.2 EFFICACY OF DIFFERENT B. THURINGIENSIS SUBSPP/STRAINS 
AGAINST LESS SUSCEPTIBLE POPULATION OF S. OBLIQUA 
The bioefficacy of selected 6. thuringiensis subspp/strains was 
determined against third instar larvae of S. obliqua. 
It is evident from Table-6 that all of five S. thuringiensis subspp, four 
B. thuringiensis strains along with commercial formulation Dipel were effective 
against the larvae of S. obliqua. 
The relative efficacy values of the 6. thuringiensis subspp/strains 
have been worked out by taking LC50 values of Dipel as unity with each of 
5. thuringiensis subspp/strains presented below. Results reveal that all the 
6. thuringiensis subspp/strains were less effective than Btk HD-73. Bt sotto 
was found to be more effective among the other four B. thuringiensis subspp. 
viz., Bt galleriae, Bt entomocidus, Bt thuringiensis and, Bt aizawai, along with 
three B. thuringiensis strains viz., Btk Path-1, Btk HD-1, Bt N1C1, and 
commercial formulation, Dipel. The order of relative efficacy was as follows: 
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Fig. 2.a. Relation between probit of kill of thitxJ Instar larvae of S. obliqua and dose of Btk HD-73, 
showing probit regression line from equation Y= 1.936403 + 1.904415x. 
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Fig. 2.b, Relation between probit of kill of third instar larvae of S. o6/iqua and dose of 
Bt sotto, showing probit regression line from equation Y= 0.980157 + 2,360628x. 
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Fig. 2.C. Relation between probit of kill of third instar lan/ae of S. obliqua and dose of 
Btaizawai, showing probit regression line from equation Y= 1.096880 + 2.266524x. 
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Fig. 2.d. Relation between probit of kill of third instar larvae of S. obliqua and dose of 
Bt N1C1, showing probit regression line from equation Y= 0.582855 + 2.526614x. 
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Fig 2.6. Relation between probit of kill of third instar larvae of S. obliqua and dose of 
Btk HD-1, showing probit regression line from equation Y= 0.325172 + 2.534473x. 
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2.f. Relation between probit of kill of third instar larvae of S. obliqua and dose of 
Bt thuringiensis. showing probit regression line from equation Y= 0.373476 + 2.445002x. 
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Fig. 2.g. Relation between probit of l<ill of third instar lan/ae of S. obliqua and dose of Dipel, 
showing probit regression line from equation Y= 0.223811 + 2.717466x. 
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Fig. 2.h. Relation between probit of l<ill of third instar larvae of S. obliqua and dose of 
Btentomocidus, showing probit regression line from equation Y= 0.289855 + 2.694356x. 
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Fig. 2.i. Relation between probit of kill of third instar larvae of S. oblique and dose of 
Bt galleriae, showing probit regression line from equation Y= 0.416125 + 2.296786x, 
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Fig. 2.j. Relation between probit of kill of third instar larvae of S. obliqua and dose of 
Btk Path-1, showing probit regression line from equation Y= 0.054692 + 2.429116x. 
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Fig 4. Efficacy of different B. thuringiensis subspp/strains against Aligarh 
population of S. obliqua. 
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Fig 5. Comparison of LC values for Aligarh population of S. obliqua. 
Plate 3. Symptoms of diseased Spilarctia obliqua infected with B. thuhngiensis. 
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Btk HD-73 (1.18505) > Bt sotto (1.16970) > Bt aizawai (1.16336) > 
Bt N1C1 (1.13555) > Btk HD-1 (1.08552) > Bt thuringiensis (1.06925) > Dipel 
(1.0000) > Bt entomocidus (0.95548) > Bt galleriae (0.92464) > Btk Path-1 
(0.90417). 
However, Btk HD-73, Bt sotto, Bt aizawai, Bt N1C1, Btk HD-1 and 
Bt thuringiensis y^ere respectively, 1.18505, 1.16970, 1.16336, 1.13555, 1.08552 
and 1.06925 times more effective than Dipel, whereas, Bt entomocidus, 
Bt galleriae and Btk Path-1 were found to be 0.95548, 0.92464 and 0.90417 
times, less effective than Dipel, respectively. As the LC50 values are concerned, 
the lowest LC50 value was observed in the case of Btk HD-73 (0.09505), 
whereas, highest was obtained in the case of Btk path-1 (0.380115) (Fig-6). 
On the basis of 't' (Table) values the differences between log LC50 
values of Btk Path-1 with each of Bt sotto, Bt aizawai, Btk HD-1, Btk HD-73 
and Bt N1C1 were observed significant at 5 per cent level. There were 
non-significant differences between log LC50 values of Btk Path-1 with each of 
Bt galleriae, Bt entomocidus, Bt thuringiensis and Dipel. The order of 
significance was Btk HD-73 > Bt aizawai > Bt sotto > Bt N1C1 > Btk HD-1 > 
Bt thuringiensis > Dipel > Bt entomocidus > Bt galleriae (Table-7). 
It was also revealed that the differences between log LC50 values of 
Bt galleriae with Bt sotto, Bt aizawai and Btk HD-73 were significant at 5 
per cent level. However, the differences between log LC50 values of 
Bt galleriae with each of Bt entomocidus, Bt thuringiensis, Btk HD-1, Sf N1C1 
and Dipel were found to be non-significant. 
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The order of significance was Btk HD-73 > Bt aizawai > Bt sotto > 
8f N1C1 > 8f/( HD-1 > Bf thuringiensis > Dipel > Bt entomocidus. 
Table-7 indicated that the differences between log LC50 values of 
Bt sotto and Bt entomocidus were significant at 5 per cent level. However, the 
differences between Bt sotto with each of Bt thuringiensis, Bt aizawai, Btl< 
HD-1, Btk HD-73, Bt N1C1 and Dipel were found to be non-significant. The 
order of significance of the pathogen was Bt entomocidus > Dipel > 
Bt thuringiensis > Btk HD-1 > Bf N1C1 > Btk HD-73 > Bt aizawai. 
It was further observed that the differences between log LC50 values of 
Bt entomocidus with each of Bt aizawai and Btk HD-73 were significant at 5 
per cent level. There were non-significant differences between log LC50 values 
of Bt entomocidus with each of Bt thuringiensis, Btk HD-1, Bf N1C1 and Dipel. 
The order of significance of B. thuringiensis was Btk HD-73 > Bt aizawai > 
Bf N1C1 > Btk HD-1 > Bt thuringiensis> Dipel. 
Non-significant differences were also observed between log LC50 
values of Bt thuringiensis with each of Bt aizawai, Btk HD-1, Btk HD-73, 
Bt N1C1 and Dipel. However, the order of significance of test pathogen was 
Btk HD-73 > Bt aizawai> Bt N1C1> Dipel > Btk HD-1. 
As shown in the Table-7, on the basis of 't' values, it reveal that 
non-significant differences were found between log LC50 values of Bt aizawai 
with each of Btk HD-1, Btk HD-73 Bt N1C1 and Dipel. However, the 
order of significance of the pathogen was as Dipel > Btk HD-1 > 
Bf N1C1 > Btk HD-73. 
73 
Non-significant differences existed between log LC50 values of Btk HD-1 
with each of Btk HD-73 Bt N1C1 and Dipel. The order of significance of test 
pathogen was as Btk HD-73 > Dipel > Bt N1C1. 
Non-significant differences were also observed between log LC50 
values of Btk HD-73 with each of Bt N1C1 and Dipel. 
The regression line of different B. thuringiensis subspp/strains in 
relation to Delhi population is presented in Fig. 3a to 3j. 
The data summarised in Table-8 denote that LC values of Delhi 
population, against different Bt subspp/strains differ from that of LC 
values for Aligarh population. The lowest LC50 value was found in case of 
Btk HD-73 and highest for Btk path-1. However, lowest LC90, LC95 and 
LC99 values were found in case of Bt aizawai and highest in case of Dipel 
(Fig-7). 
A comparison was also made between LC50, I-C90, LC95 and LC99 
values separately for Delhi and Aligarh population of S. oblique (Table-9a 
to 9d). Results indicate that Delhi population has higher LC value in 
comparison with Aligarh population (Fig-8a to 8d). 
All LC values (LC50, LC90, LC95 and LC99) for both the populations, 
Aligarh and Delhi against all the B. ttiuringiensiss subspp/strains were also 
summarised to observe the clear difference between LC values. Present 
findings clearly reveal that overall Aligarh population has low LC values in 
comparison to the population collected from Delhi field (Table-10). 
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Fig. 3.a. Relation between probit of i<ill of third instar larvae of S. obliqua and dose of Btk 
HD-73, showing probit regression line from equation Y= -0.864906 + 2.965137x. 
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Fig. 3.b. Relation between probit of kill of third instar larvae of S. obliqua and dose of 
Sf aizawai, showing probit regression line from equation Y= 2.088051 + 3.569054x. 
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Fig. 3.C. Relation Isetween probit of l<ill of third instar larvae of S. obliqua and dose of 
Bt sotto, showing probit regression line from equation Y= 0.447012 + 2.746005x. 
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Fig. 3.d. Relation between probit of kill of third instar larvae of S. obliqua and dose of Bt 
N1C1, showing probit regression line from equation Y= -1.734084 + 3.372980x. 
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Fig. 3.e. Relation between probit of kill of third instar larvae of S. obliqua and dose of Btk HD-1 
showing probit regression line from equation Y= 1,125185 + 3 .038209x. 
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Fig. 3.f. Relation between probit of kill of third instar larvae of S. obliqua and dose of 
Bt thuringiensis, shewing probit regression line fi-om equation Y= 0,690137 + 2.813262x. 
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Fig. 3.g. Relation Isetween probit of kill of third instar larvae of S. obliqua and dose of Dipel, 
showing probit regression line from equation Y= -0.740857 + 2.798114. 
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Fig. 3.h. Relation between probit of kill of third instar larvae of S. obliqua and dose of 
Bt entomoddus, showing probit regression line from equation Y= 1.991092 + 3.374952x. 
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Fig. 3.i. Relation between probit of kill of third instar larvae of S. obliqua and dose of Bt 
galleriae, showing probit regression line from equation Y= 2.139485 + 3.423038x. 
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Fig. 3.j. Relation between probit of kill of third instar larvae of S. obliqua and dose of Btk 
Path-1, showing probit regression line from equation Y= 2.163005 + 3.41S383x. 
74 
Table 8. Comparison of LC values of different B. 
S. obliqua of Delhi population. 
thuringiensis subspp. against 
Treatments 
Btk Path-1 
Bt gallehae 
Bt sotto 
Bt entomocidus 
Bt thuringiensis 
Bt aizawai 
Btk HD-1 
Btk HD-73 
efN1C1 
Dipel 
Df 
6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
Regression equation 
Y = 
Y=-2.163005+3.418383X 
Y=-2.139485+3.423038X 
Y=-0.447012+2.746005X 
Y=-1.991092+3.374952X 
Y=-0.690137+2.813262X 
Y= -2.088051 +3.569054X 
Y=-1.125185+3.038209X 
Y=-0.864906+2.965137x 
Y= -1.734084 +3.372980X 
Y=-0.740857+2.798114x 
LCso 
0,12458 
0.12182 
0.09630 
0.11789 
0,10534 
0,09682 
0,10377 
0,09505 
0.09919 
0,11264 
LC90 
029536 
028848 
0,28205 
0,28262 
0,30072 
022134 
0,27408 
0,25715 
0,23793 
0.32338 
LC95 
0.37725 
0.36834 
0.38250 
0.36212 
0.40486 
0.27980 
0.36096 
0.34096 
0.30489 
0.43606 
LC99 
0.59699 
0.58253 
0.67729 
0.57643 
0.70716 
0.43428 
0.60497 
0.57877 
0.48547 
0.76396 
Table 9a. Comparison of LC50 values of Delhi and Aligarh population of S. obliqua. 
Treatments 
Btk Path-1 
Bt galleriae 
Bt sotto 
Bt entomocidus 
Bt thuringiensis 
Bt aizawai 
Btk HD-1 
Btk HD-73 
BtH^C^ 
Dipel 
Delhi population LC50 
0.12458 
0,12182 
0,09630 
0.11789 
0,10534 
0,09682 
0,10377 
0.09505 
0,09919 
0,11264 
Aligarh population LC50 
0,108604 
0.099032 
0.050451 
0.091899 
0.078026 
0.050451 
0.069903 
0.040615 
0.056008 
0.083620 
Relative efficacy 
1.147103 
1.230107 
1.919090 
1.282821 
1.350063 
1.919090 
1,484486 
2,340268 
1,770997 
1.347046 
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Table 9b. Comparison of LC90 values of Delhi and Aligarh population of S. obliqua. 
Treatments 
Btk Path-1 
Bt galleriae 
Bt sotto 
Bt entomocidus 
Bt ttiuringiensis 
Bt aizawai 
Btk HD-1 
Btk HD-73 
BtH^C^ 
Dipel 
Delhi population LC90 
0.29536 
0.28848 
0.28205 
0.28262 
0.30072 
0.22134 
0.27408 
0.25715 
0.23793 
0.32338 
Aligarh population LC90 
0.36597 
0.35791 
0.19387 
0.27477 
0.26086 
0.17611 
0.22396 
0.19127 
0.18009 
0.24770 
Relative efficacy 
0.807061 
0.806013 
1.454841 
1.028569 
1.152802 
1.256828 
1.22379 
1.344435 
1.321173 
1.305531 
Table 9c. Comparison of LC95 values of Delhi and Aligarh population of S. obliqua. 
Treatments 
Btk Path-1 
Bt galleriae 
Bt sotto 
Bt entomocidus 
Bt ttiuringiensis 
Bt aizawai 
Btk HD-1 
Btk HD-73 
SfNICI 
Dipel 
Delhi population C95 
0.37725 
0.36834 
0.38250 
0.36212 
0.40486 
0.27980 
0.36096 
0.34096 
0.30489 
0.43606 
Aligarh population LC95 
0.51642 
0.51517 
0.28042 
0.37481 
0.36728 
0.25100 
0.31154 
0.29676 
0.25077 
0.33699 
Relative efficacy 
0.73051 
0.71499 
1.36403 
0.96614 
1.10232 
1.11474 
1.15863 
1.14894 
1.21582 
1.29398 
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Table 9d. Comparison of LC99 values of Delhi and Aligarh population of S. obliqua. 
Treatments 
Btk Path-1 
Bt galleriae 
Bt sotto 
Bt entomocidus 
Bt thuringiensis 
Bt aizawai 
Btk HD-1 
Btk HD-73 
S^N1C1 
Dipel 
Delhi population C99 
0.59699 
0.58253 
0.67729 
0.57643 
0.70716 
0.43428 
0.60497 
0.57877 
0.48547 
0.76396 
Aligarh population LCgg 
0.98519 
1.02006 
0.56033 
0.67098 
0.69773 
0.48790 
0.57858 
0.67641 
0.46662 
0.60030 
Relative efficacy 
0.60596 
0.57107 
1.20873 
0.85909 
1.01352 
0.89010 
1.04561 
0.85565 
1.04040 
1.27263 
4.3 EFFICACY OF SELECTED B. THURINGIENSIS SUBSPP/STRAINS 
AGAINST DIFFERENT LIFE STAGES OF S.OBUQUA 
Developmental stages of insect influence the sensitivity to bacterial 
pathogen, (Kulshrestha e^ a/., 1965). It was therefore, thought necessary to 
determine the efficacy of selected bacterial pathogen against the different 
active stages of S.obliqua. The mortality data is presented in Table-11. 
A comparison of different S. thuringiensis subspp/strains indicated that 
first instar of S. obliqua were most susceptible to the tested 6. thuringiensis 
subspp/strains. Bt sotto, Bt aizawai and Btk HD-73 caused highest (91.67 per 
cent) mortality (Fig-9a). Btk HD-1 and Bt N1C1 caused 90.00 per cent mortality. 
However, Bt thuringiensis and Dipel registered 88.33 per cent mortality. 
Bt entomocidus caused 85.00 per cent, whereas Btk path-1 and Bt galleriae 
caused 83.00 per cent mortality. The action of bacterial pathogen was 
found to be changed when they were tested against second instar larvae of 
0.14i 
0.12-
0.1 
3 0.08H 
O f 0.06-
0.04-
0.02-UllJllUl 
• ~ T T — " — r — I — : : : • — r 1 _ i „ i „.. i „.. i „ i T 
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Path-1 galleriae sottoenUjmocidusthuringiensis aizawai HD-1 HD-73 N1C1 
Fig 6. Efficacy of different B. thuringiensis subspp/strains against Delhi 
Population of S. obliqua. 
Dipel 
Btk ' Bt ' Bt ' Bt ' Bt Bt Btk Btk ' Bt 
Path-1 galleriae sotto entomocidus thuringiensis aizawai HD-1 HD-73 N1C1 
Fig 7. Comparison of LC values for Delhi population of S. obliqua. 
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Path-1 galleriae sotto entomocidus thuringiensis aizawai HD-1 HD-73 N1C1 
Fig 8a. Comparison of LC50 values for Dellii and Aligarh population of 
S. obliqua. 
Delhi population LC90 Aligarh population LC90 
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Path-1 galleriae sottoentomocidus thuringiensis aizawai HD-1 HD-73 N1C1 
Fig 8b. Comparison of LC90 values for Delhi and Aligarh population of S. obliqua. 
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Fig 8c. Comparison of LC95 values for Delhi and Aligarh population of S. obliqua. 
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Fig 8d. Comparison of LC99 values for Delhi and Aligarh population of S. obliqua. 
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S. obliqua. The results indicated that the effectiveness spectrum of tested 
pathogens start showing their differential usefulness during the second 
instar as Dipel registered the highest (90.00 per cent) mortality (Fig-9b). 
Btk path-1, S^ sotto and Bt thuringiensis caused 88.33 per cent 
mortality. Whereas, Bt aizawai, Btk HD-1 and Bt N1C1 registered 86.67 
per cent larval mortality. Bt entomocidus and Bt galleriae recorded 85.00 and 
83.33 per cent mortality, respectively. 
However, during third instar Btk HD-73 recorded maximum, 85.00 
per cent mortality (Fig-9c). Bt sotto registered 83.00 per cent mortality. When 
Bt aizawai was tested against third instar larvae of S. obliqua, it scored 
81.67 per cent mortality, and was closely followed the mortality caused by 
Bt N1C1 (80.00 per cent). Btk HD-1, Bt thuringiensis, Dipel, Bt entomocidus 
and Bt galleriae registered a mean mortality of 78.33, 76.67, 75.00, 73.33 and 
71.67 per cent, respectively. The lowest mortality was caused by Btk path-1, 
70.00 per cent. 
The action of selected subspp/strains of 6. tliuringiensis changed 
dramatically when they were tested against advanced instars of S. obliqua. 
Results revealed that 73.33 per cent mortality was registered by 
Btk HD-73 ranking it as the most potential among tested bacterial biopesticide 
against fourth instar larvae of S. obliqua (Fig-9d). Bt sotto follow the line 
causing 71.67 per cent larval mortality. Bt aizawai, Bt N1C1, Btk HD-1 and Bt 
thuringiensis formed the next effective group of efficacy by registering 70.00, 
66.67, 65.00 and 63.33 per cent mortality, respectively. However, Dipel, Bt 
entomocidus, Bt galleriae and Btk path-1 fall in last group of efficacy causing 
60.00, 58.33, 56.67 and 53.33 per cent mean larval mortality, respectively. 
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When fifth instar larvae of S. obliqua were treated with Btk HD-73 it 
recorded maximum (61.67 per cent) mortality (Flg-9e). Bt sotto was at par 
with Btk HD-73 as It registered 60.00 per cent mortality. Bt aizawai, Bt N1C1, 
Btk HD-1 and Bt thuhngiensis registered 56.67, 53.33, 51.67 and 50.00 per 
cent mean mortality, respectively. However, Dipel and Bt entomocidus 
recorded 46.67 and 41.67 per cent mortality, respectively. Btgalleriae and Btk 
path-1 were found at par with Bt entomocidus as they caused 40.00 per cent 
mortality. 
Btk HD-73 when tested against sixth instar larvae of S. obliqua caused 
highest (58.33 per cent) larval mortality (Fig-9f). Bt aizawai registered 51.67 
per cent mortality and was at par with Bt sotto, which registered 53.33 per 
cent mortality. Btk HD-1 caused 46.67 per cent lan/al mortality and proved to 
be at par the mortality caused by Bt N1C1 (48.33 per cent). Bt thuhngiensis 
registered 41.67 per cent mortality. Dipel recorded 35.00 per cent mortality, 
which was closely followed by Bt entomocidus and Bt gallehae (31.67 and 
30.00 per cent) respectively. However, Btk path-1 recorded the least mortality 
i.e. 26.67 per cent. The over all comparison of B. thuhngiensis subspp/strains 
irrespective of stage of the insect reveal that Btk HD-73, Bt sotto and 
Bt aizawai were highly effective and registered 75.83, 74.72 and 73.05 
per cent mean larval mortality, respectively. Bt N1C1, Btk HD-1, Bt 
thuhngiensis and Dipel formed the next group of efficacy of the test pathogens 
and were at par with the above mentioned group of 8. thuhngiensis as they 
registered more than 65.00 per cent mean mortality. Rest of the subspp/strains 
viz., Bt entomocidus, Bt gallehae and Btk path-1 were less effective as they 
registered comparatively low mortality i.e. less than 65.00 per cent. 
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On the basis of present results it can be concluded that Btk HD-73, Bt sotto 
and Bt aizawai were the best pathogens among the ten tested pathogens as they 
caused 75.80, 74.70 and 73.10 per cent mortality, respectively, at all the active larval 
stages of S. oblique. Bt N1C1, Btk HD-1, Bt ttiuringiensis and Dipel constituted the 
next effective group of tested pathogen as they caused on an average more than 
65.00 per cent mortality, at all the larval stages of S. oblique. However, 
subspp/strains viz., Bt entomocidus, Bt galleriee and Btk path-1 registered overall 
more than 60.0 per cent mortality at all larval stages of S. oblique. 
4.4 RESIDUAL EFFICACY OF SELECTED B. THURINGIENSIS SUBSPP/ 
STRAINS AGAINST S. OBLIQUA LARVAE 
The long term control of a particular pest and minimization of the number of 
application, residual efficacy of biopesticides play a major role. 
The present investigation revealed that all the biopesticides except 
Btk path-1 and Bt thun'ngiensis recorded 100 per cent survival of the larvae after 24 
hours of exposure. Btk path-1 and Bt thuhngiensis showed similar effect to which the 
survival of larvae ranged from 98 and 97 per cent, respectively. Btk HD-73 recorded 
100 per cent survival after 48 hours of exposure whereas, Bt sotto, Btk HD-1, 
Bt eizewei and Sf N1C1 registered more than 90 per cent survival. Bt ttiuhngiensis, 
Dipel and Bt entomocidus were at par with fi/ N1C1 as they recorded 89, 86 and 83 
per cent larval survival, respectively. After 48 hours of exposure Btk path-1 and 
Bt gelleriae registered 79 and 78 per cent survival of S. oblique larvae, respectively 
(Table-12). 
It was evident from the present findings that after 72 hours all the tested 
biopesticides show more than 50 per cent survival of S. oblique larvae. 
Btk HD-73, Bt sotto, Bt aizewei and Bf N1C1 recorded more than 80 per 
cent survival after 72 hours of exposure. Btk HD-1, Bt ttiuringiensis, Dipel 
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and Bt entomocidus were at par with Bt N1C1 as they recorded 79, 76, 75 and 
72 per cent survival of S. obliqua larvae, respectively. All the other biopesticides 
caused the similar effect in which the survival ranged from 57 to 53 per cent for 
Bf/f path-1 and Btgalleriae, respectively. 
Observations on larval survival after 96 hours of exposure, reveal that 
Btk HD-73, Bt sotto and Sif aizawai registered maximum sun/ival, 55, 52 and 50 
per cent, respectively. However, Bf N1C1, Bf/c HD-1, Dipel and Bt thuringiensis 
were at par with Bt aizawai and show 41, 32, 31 and 30 per cent survival, 
respectively. Bt entomocidus, Btgalleriae and Bf/f path-1 registered 29, 13 and 
8 per cent larval survival, respectively. 
After 120 hours of exposure Btk HD-73, Bt aizawai and Bt sotto 
registered high larval survival 40, 38 and 36 per cent, respectively. 6f N1C1 
was found at par with Bt sotto as it registered 28 per cent larval survival. Bt 
thuringiensis, Btk HD-1, Dipel and Bt entomocidus caused 19, 15, 12 and 11 
per cent larval survival, respectively. Whereas, Bt galleriae registered two per 
cent larval survival. 
Bt sotto and Btk HD-73 registered 24 and 21 per cent larval survival, 
respectively after 144 hours of exposure. Bt aizawai ^ as at par with Btk HD-73 
as it caused 18 per cent larval survival. Bf N1C1, Bf thuringiensis, and Btk HD-
1 recorded 12, 5 and 4 per cent survival, respectively. Bt entomocidus and 
Dipel show only 1 per cent larval survival. After 168 hours of exposure Bt sotto 
and Btk HD-73 registered 12 and 11 per cent survival, respectively. However, 
Bt aizawai show two per cent survival of S. obliqua larvae (Fig-lOa to lOj). 
The PT value is the product of average residual toxicity (T) and period 
(P) for which toxicity persisted was used as an index of persistence of toxicity 
I Time (Hours) 
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Fig 10a. Survival of S. obliqua against Btk Path-1 plotted against time 
under laboratory conditions. 
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FiglOb. Survival of S. obliqua against Btgalleriae plotted against time 
under laboratory conditions. 
140 
120" 
100-
80 
60 
40 
20 
I Time (Hours) 
I Per cent survival 
Fig 10c. Survival of S. obliqua against Bt sotto plotted against time 
under laboratory conditions. 
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Fig 10d. Survival of S. obliqua against Bt entomocidus plotted against 
time under laboratory conditions. 
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Fig 10e. Survival of 5. obliqua against Bt thuringiensis plotted against 
time under laboratory conditions. 
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Fig 10f. Survival of $. obliqua against Bt aizawai plotted against time 
under laboratory conditions. 
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Fig 10g. Survival of S. o&//qua against Btk HD-^ plotted against time 
under laboratory conditions. 
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Fig 10h. Survival of S. obZ/quaagainst BtkHD-73 plotted against time 
under laboratory conditions. 
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Fig 10i. Survival of S. obliqua against Bt N1C1 plotted against time 
under laboratory conditions. 
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Fig 10j. Survival of S. obliqua against Dipel plotted against time under 
laboratory conditions. 
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(Samp et al., 1970). Considering the PT values for tlie persistence under test, 
Btk HD-73 was found to be the most persistent biopesticide with the PT 
values of 11488.18 and toxicity persisted up to 168 hours from the date of 
exposure. 
Btk path-1 was found to be the least persistent with the lower PT value 
of 4608.96 and registered activity up to 96 hours from the date of exposure. 
Taking the PT value into consideration the pathogens have been ranked as 
follows: 
Btk HD-73 > Bt sotto > Bt aizawai > Bt N1C1 > Btk HD-1 > 
Bt thuringiensis > Dipel > Bt entomocidus > Bt galleriae > Btk path-1. 
4.5 EFFECT OF LETHAL CONCENTRATION {LC50) OF DIPEL ON THE 
POST EMBRYONIC DEVELOPMENT OF S. OBLIQUA 
Effect of Dipel at lethal concentration (LC50) on the post embryonic 
development of S. obliqua was studied by treating third instar larvae with 0.075 
per cent Dipel. Larvae, those continued to sun/ive even after seventh day of 
treatment, were considered for the subsequent study viz., effect on the larval 
and pupal development, longevity, fecundity and size of the adults emerged 
from the treated larvae. Results, thus obtained have been presented under the 
following heads. 
4.5.1 Effect of Dipel on larval development 
The data generated on this aspect (Table-13a) clearly reveal that the 
infected larvae had longer duration (27.23 days) for completing larval development 
and show an increase of 21.50 per cent in the lan/al period over control. 
It can also be inferred with present results that infected larvae of 
S. obliqua reduced remarkably in their length (29.52 per cent) and weight 
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(22.78 per cent) after treatment with Dipel, besides higlier larval mortality 
(26.67 per cent), which finally resulted in poor pupation of the test insect. 
4.5.2 Effect on pupal development 
Table-13b evince the pupal development of the infected larvae and it 
was found effected adversely as a result of the larval treatment with Dipel at 
0.075 per cent concentration. The pupae formed from the infected larvae took 
more time to reach the adult stage. The average being 6.72 days which 
manifested an increase of 17.07 per cent over control. Results further reveal 
that length and weight of infected pupae show an abatement of 23.07 and 
34.15 per cent, respectively in comparison to normal pupae. Moreover, a 
declination of 18.33 per cent in adult emergence was also noted as a result of 
pupal mortality in the treated group of insect. 
4.5.3 Effect on adult development 
The adults emerged from the Dipel treated larvae were smaller in size 
having body length 1.76 cm and wing expanse of 3.24 cm for fore wing and 
2.27 cm for hind wing. Whereas, the adults emerged from healthy larvae 
measured 2.01 cm in body length, 4.55 cm for fore wing and 3.04 cm for hind 
wing (Table-13c). The reduction in size over control was to the tune of 12.44 
per cent in respect of body length, whereas 28.79 and 25.33 per cent for fore 
wing and hind wing, respectively. 
As regard the fecundity and longevity of the female moth, significant 
declination in egg laying and life span of the treated moth was observed. 
These moths laid on an average 213 eggs, which were about 21.11 per cent 
less than the eggs laid by the healthy moths. 
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Similarly longevity of the moths, emerged from treated larvae was 
reduced by 15.24 per cent over control. The data recorded on the viability of 
eggs laid by the moths emerged from treated and untreated larvae clearly 
reveal that there was non-significant difference between hatching of eggs. 
However, there was an abatement of 2.49 per cent in hatching of the eggs, 
obtained from the moths emerged from the treated larvae. 
Table 13a. Effect of lethal concentration (LCso) of Dipel, on larval development 
of S. obliqua. 
SI. Average values Effect in per cent over control 
Mn Particulars 
'^" Treated Untreated Increase Decrease 
1. 
2. 
3. 
4. 
Duration (days) 
Length (cm.) 
Weight (gm.) 
Mortality (per cent) 
27.23 
2.84 
0.61 
26.67 
22.41 
4.03 
0.79 
00 
21.50 
29.52 
22.78 
26.67 
Table 13b. Effect of lethal concentration (LCso) of Dipel, on pupal development 
of S. obliqua. 
SI. Particulars Average values Effect in per cent over centre 
^° Treated Untreated Increase Decrease 
17.07 ~-
23.07 
34.15 
18.33 
1. 
2. 
3. 
4. 
Duration (days) 
Length (cm.) 
Weight (gm.) 
Mortality (per cent) 
6.72 
1.40 
0.27 
18.33 
5.74 
1.82 
0.41 
00 
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Table 13c. Effect of lethal concentration (LC50) of Dipel, on adult growth and 
development of S.obliqua. 
SI. Stage of 
No insect 
Particulars Average values Effect in per cent over 
control 
Treated Untreated Increase Decrease 
1. Adult Body length (cm) 
2. Adult Wing expanse (cm) 
(fore wing) 
Wing expanse (cm) 
(hind wing) 
3. Adult Fecundity 
4. Adult Longevity of female 
moth (days) 
5. Eggs Hatching (per cent) 
1.76 
3.24 
2.27 
89.20 
2.01 
4.55 
3.04 
213 270 
5.00 5.90 
91.48 
12.44 
28.79 
25.33 
21.11 
15.24 
2.49 
4.6 EFFECT OF SUB-LETHAL (LC20) CONCENTRATION OF DIPEL ON 
THE POST EMBRYONIC DEVELOPMENT OF S. OBUQUA 
4.6.1 Effect on larval development 
Experimental findings as indicated in the Table-14a signify the results 
of sub-lethal concentration (0.03 per cent) of Dipel on larval developnnent, and 
denote a retarding effect on the treated insects. It is evident by the present 
results that the treated larvae took 17.92 per cent more time than the normal 
larvae and the length and weight of such larvae registered declination of 
13.03 and 5.41 per cent, respectively besides higher percentage of lan/al 
mortality in comparison to untreated. 
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4.6.2 Effect on pupal development 
The data depicted in Table-14b reveal a negative response of sub-
lethal concentration of Dipel on the pupal development. However, the events 
were not much significant from the control. It is also conspicuous from present 
results that infected pupae indicated an augmentation of pupal period, 21.35 
and abatement in their length and weight by 2.22 and 7.69 per cent, 
respectively. In addition to higher per cent mortality (14.99 per cent). This led 
to the less emergence of adult as compared to control. 
4.6.3 Effect on adult development 
The data summarised in Table-14c denote that feeding of LC20 
concentration of Dipel to the larvae of S. obliqua did not affect body length 
and wing expanse of adults in respect to control. The moths emerged from 
treated larvae measured on an average 2.03 cm for body length, 4.53 cm for 
fore wing and 3.07 cm for hind wing which exhibited a diminishing effect by 
1.45, 2.37 and 1.29 per cent, respectively in comparison to normal moths. In 
addition, declination in fecundity (11.33 per cent) and longevity (0.87 per cent) 
was also observed in the treated insects when compared with control. 
As regards the viability of eggs, it is obvious from the results that eggs 
laid by the moths emerged from treated and untreated larvae had no 
significant difference. Although there was minute reduction in egg hatching 
(0.78 per cent) recovered from the treated insects. 
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Table 14a. Effect of sub-iethai concentration (LCjo) of Dipel, on larval 
development of S. obliqua. 
SI. 
No 
Particulars Average values 
Treated Untreated 
Effect in per cent over control 
Increase Decrease 
1. Duration (days) 27.31 23.16 17.92 
2. Length (cm.) 3.67 4.22 13.03 
3. Weight (gm.) 0.78 0.74 5.41 
4. Mortality (per cent) 15 00 
Table 14b. Effect of sub-lethal concentration (LC20) of Dipel, on pupal 
development of S. obliqua. 
SI. No Particulars Average values Effect in per cent over control 
Treated Untreated Increase Decrease 
Duration (days) 6.82 5.62 21.35 
2. Length (cm.) 1.84 1.80 2.22 
Weight (gm.) 0.48 0.52 7.69 
IVIortality (per cent) 16.67 6.67 14.99 
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Table 14c. Effect of sub-lethal concentration (LC20) of DIpel, on 
adult growth and development of S. obliqua. 
SI. 
No. 
1. 
2. 
3. 
4. 
5. 
Stage of 
insect 
Adult 
Adult 
Adult 
Adult 
Eggs 
Particulars 
Body length (cm) 
Wing Expanse (cm) 
(fore wing) 
Wing Expanse (cm) 
(hind wing) 
Fecundity 
Longevity of female 
moth (days) 
Hatching (per cent) 
Average values 
Treated 
2.03 
4.53 
3.07 
227 
5.71 
90.31 
Untreated 
2.06 
4.64 
3.11 
256 
5.76 
91.02 
Effect in per cent 
over control 
Increase Decrease 
1.45 
2.37 
1.29 
11.33 
0.87 
0.78 
4.7 EFFECT OF DIPEL ON THE pH OF HAEMOLYMPH AND MIDGUT 
The results obtained in respect of pH of larval haemolymph and nnidgut of 
seven days old larvae of S. obliqua infected with Pipe! have been presented here. 
4.7.1 Effect on haemolymph 
The data briefed in Table-15a clearly demonstrate that haemolymph 
pH of the larvae before treatment was slight acidic (6.22) in nature and within 
range of 6.13 to 6.25 in case of control during the experimental period. 
However, this estimate in the treated insect appraised a slight fall (0.08 unit) 
24 hours after the treatment and thereafter it was a gradual increase in 
haemolymph pH (Fig-11a). The larvae 96 hours after the treatment had as 
higher as 7.26 pH and it was 1.01 unit higher than the pH of normal larvae 
(6.25). 
Thus, from the proceeding results it can be concluded that, Dipel does 
cause a change in the haemolymph pH and the trend of alteration in pH is 
towards the alkalinity in the treated larvae of S. obliqua. 
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4.7.2 Effect on pH of midgut content 
It is evident from the Table-15b that an average pH of midgut content 
of the test larvae before treatment was alkaline (9.12) but it decreased 
significantly after feeding on Dipel treated leaves. It is also obvious from the 
present findings that midgut pH reduced progressively with the advancement 
of time and it declined to the maximum (2.51), 96 hours after the treatment. 
Thus, there appear to be a negative co-relation between the pH and time 
lapse (Fig-lib). 
Table 15a. Effect of Dipel on pH of haemoiymph, in the larvae of S. obliqua. 
SI. 
No. 
1 
2 
3 
4 
Particulars 
Before treatment 
After treatment 
Control 
Average 
24 
~ 
6.14 
6.22 
pH at different intervals of time (hrs) 
48 
6.22 
6.48 
6.13 
72 
~ 
6.83 
6.17 
96 
~ 
7.26 
6.25 
Effect of treatment over control 
Increase in pH 
Decrease in pH 0.08 
0.35 
~ 
0.66 
~ 
1.01 
~ 
Table 15b. Effect of Dipel on pH of larval midgut content of S. obliqua. 
SI. 
No. 
1 
2 
3 
4 
Particulars 
Before treatment 
After treatment 
Control 
Average 
24 
~ 
8.87 
9.17 
pH at different intervals of time (hrs) 
48 
9.12 
8.42 
9.00 
72 
~ 
7.74 
9.14 
96 
~ 
7.13 
9.64 
Effect of treatment over control 
Increase in pH 
Decrease in pH 
~ 
0.30 
~ 
0.58 
~ 
1.40 
~ 
2.51 
4.8 EFFECT OF DIPEL ON HAEMOLYMPH PROTEIN 
The quantity of protein in larval haemoiymph was determined in Dipel 
treated and untreated larvae of S. obliqua and the data, thus, generated are 
depicted in Table-16. It is evident from the present results that haemoiymph 
124 Hours 148 Hours 72 Hours 196 Hours 
Before treatment After treatment Control 
Fig 11a. Effect of Dipel on pH of haemolymph of S. obliqua. 
124 Hours B 4 8 Hours ^ 7 2 Hours 196 Hours 
Before treatment After treatment Control 
Fjg l i b . Effect of Dipel on pH of larval midgut of S. obliqua. 
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protein of the test larvae was 9.17 ppm/ij| of haemolymph before the 
treatment and it varied from 9.24 to 9.74 ppm/|jl during experimentation. 
However, larvae treated with Dipel demonstrated a considerable loss 
(40.97 per cent) in the protein content of haemolymph just 24 hours after the 
treatment and it declined to the extent of 64.78 per cent, 96 hours after the 
treatment. 
Table 16. Effect of Dipel on the protein content of larval haemolymph of 
S. obliqua. 
Si. 
No. 
1 
2 
3 
4 
Particulars 
Before treatment 
After treatment 
Control 
Average protein content (ppm/|il) at various intervals 
(hrs) 
24 
~ 
5.46 
9.25 
48 
9.17 
4.52 
9.62 
72 
— 
4.16 
9.24 
96 
— 
3.43 
9.74 
Effect of treatment over control (Per cent) 
Increase 
Decrease 
— 
40.97 
— 
53.01 
~ 
54.98 
~ 
64.78 
Thus, from the foregoing results it is obvious that Dipel decidedly 
resulted in the abatement of protein content in the larval haemolymph of 
S. obliqua. 
4.9 EFFICACY OF DIPEL IN COMBINATION WITH INSECTICIDE 
AGAINST THE LARVAE OF S. OBLIQUA 
Replicated trials were conducted to evaluate the effectiveness of Dipel in 
combination with insecticide under laboratory conditions against third instar 
larvae of S. obliqua. The results, thus obtained have been presented in 
Table-17a and b. 
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The data on larval mortality briefed in Table-17a signify the effect of 
different treatments when compared with control. It is quite obvious from the 
data that all the tested concentrations of chlorpyrifos or endosulfan alone and 
in combination with Dipel yield statistically significant larval mortality of 
S. obliqua over control at 5 and 1 per cent level of significance. In case of 
Dipel (0.030 and 0.075 per cent) twenty four hours after the treatment larvae 
mortality remain 0.00 per cent. The highest larvae mortality, 80.00 per cent 
was registered by the mixture of chlorpyrifos, 0.04 and Dipel 0.075 per cent. 
However, 66.67 per cent larval mortality was registered by chlorpyrifos, 0.02 
per cent in combination with Dipel, 0.075 per cent. The results clearly indicate 
that chlorpyrifos alone at high concentrations or chlorpyrifos at low 
concentration in conjunction with Dipel at LC50 concentrations (0.075 per cent) 
had no significant differences in larval mortality. Dipel alone, four days after 
treatment registered 55.00 and 46.67 per cent larval mortality at 0.075 and 
0.030 per cent concentrations, repectively. However, chlorpyrifos at 0.04 per 
cent with Dipel at 0.075 per cent registered 90.00 per cent lervel mortality. 
Finally eight days after treatment Dipel at 0.075 and 0.030 per cent caused 
75.00 and 61.67 per cent larval mortality, respectively. Whereas, chlorpyrifos 
alone at 0.04 and 0.02 per cent caused 88.33 and 58.33 per cent larval 
mortality, respectively. Chlorpyrifos, 0.04 in combination with Dipel, 0.075 
per cent registered maximum 93.33 per cent larval mortality. It can therefore 
be concluded that Dipel at high or lower concentration in combination with 
lower concentration of chlorpyrifos is more effective when compared with 
higher concentrations of chlorpyrifos or Dipel, separately. 
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As regards the effect of different treatment in relation to time, it is 
obvious from the Table-17a that chlorpyrifos either alone or in combination 
with Dipel alone at registered the larval mortality one day after treatment, 
whereas Dipel in both the concentrations (0.030 and 0.075 per cent) failed to 
yield larval mortality one day after treatment. However, per cent larval 
mortality caused by Dipel increase with the time of exposure. 
The experimental findings, conducted regarding endosulfan alone and 
in combination with Dipel are presented in Table-17b. The scrutiny of data 
clearly reveal the similar trend of mortality, as described earlier (Table-17a). 
Twenty four hours after the treatment the highest larval mortality 
(86.67 per cent) was observed in case of endosulfan, 0.07 with Dipel, 0.075 
per cent. Whereas, Dipel alone at 0.030 and 0.075 per cent concentration 
registered 0.00 and 6.67 per cent larval mortality, respectively. 
Four days after treatment endosulfan at 0.07 with Dipel at 0.075 per 
cent registered 98.33 per cent larval mortality. Whereas, Dipel alone at 0.030 
and 0.075 per cent caused 40.00 and 51.67 per cent mortality, respectively. 
Eight days after treatment mixture of endosulfan, 0.07 and Dipel, 0.075 per 
cent registered 100 per cent larval mortality. The average mortality in different 
treatments varied from 63.33 to 100.00 per cent, on eighth days after 
treatment, which reflects slightly higher mortality at the upper limit of the range 
in comparison to mortality recorded for chlorpyrifos. On the contrary to 
chlorpyrifos with Dipel, endosulfan at 0.07 per cent with Dipel at 0.075 per 
cent caused the high larval mortality i.e. 86.67, 98.33 and 100.00 per cent, 
one day, four days and eight days after treatment, respectively. However, 
Dipel registered slight mortality (6.67 per cent) one day after treatment at 
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0.075 per cent concentration and high mortality (80.00 per cent) after eight 
days of treatment. 
On the basis of forgoing results it can be concluded that the larvae of 
S. obliqua can effectively be controlled by chlorpyrifos at 0.02 per cent with 
Dipel at 0.075 per cent or endosulfan at 0.035 per cent in combination with 
Dipel at 0.075 per cent and also by different combinations of Dipel with 
chlorpyrifos or endosulfan, but for the economic and effective control, the 
mixture of chlorpyrifos 0.02 per cent and Dipel 0.03 per cent or endosulfan 
0.035 per cent with Dipel 0.03 per cent proved to be the most suitable 
combination against the larvae of S. obliqua. 
DISCUSSION 
The use of bacterium, particularly, Bacillus thuhngiensis Berliner 
appear to be the most appropriate proposition in the recent concept of 
integrated pest management due to its safety to human being and non-target 
organisms. Briefly they are pathogenic for a number of insect species, easily 
grown on artificial media without any loss of virulence and are capable as 
spore formers of enduring for years in storage. For the development of more 
potent entomopathogenic proteins and for eventual enlargement of the target 
spectrum it is necessary to analyze more subspp/strains to evaluate the 
contribution of each one in pest management. Keeping this in view in the 
present chapter author has made concerted efforts to discuss his results 
critically on various aspect of 6. thuringiensis in respect of Spilarctia obliqua 
(Walker), in the light of earlier findings under the following heads. 
The results obtained on various aspect of present investigation viz., to 
detennine the LC50 value of different B. thuhngiensis subspp/strains against 
susceptible and relatively less susceptible population, to determine the most 
susceptible larval stage against different S. ttiuringiensis subspp/strains, 
effect of residual efficacy of different 6. thuringiensis subspp/strains on larval 
mortality, effect of lethal and sub-lethal concentration of Dipel on post 
embryonic development along with effect of Dipel in combination with 
synthetic chemical insecticide have been described in this chapter. 
Biochemical changes in treated insect in respect of pathogenicity caused by 
Dipel have also been presented. 
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5.1 EFFICACY OF DIFFERENT B. THURINGIENSIS SUBSPP/STRAINS 
AGAINST SUSCEPTIBLE POPULATION OF S. OBLIQUA 
B. thuringiensis is a widely used microbial insecticide and recently 
several other formulations of this pathogen have been introduced in the 
market which are claimed to contain most virulent strain of the bacterium. No 
information is on record as regard the comparative efficacy of different 
subspp/strains of this biotic agent against the larvae of S. obliqua. Therefore, 
in the present study attempts have been made to evaluate the comparative 
efficacy of different subspp/strains of B. thuringiensis viz., Btk Path-1, 
Bt galleriae, Bt sotto, Bt entomocidus, Bt thuringiensis, Bt aizawai, Btk HD-1, 
Btk HD-73, Bt N1C1 and Dipel against the larvae of S. obliqua collected from 
Aligarh (Uttar Pradesh) fields. Results have shown that all the subspp/strains 
tested offered an effective control of the test insect, but Btk HD-73 manifested 
its superiority over the other tested subspp/strains. Btk path-1 was found least 
effective in terms of mortality against Aligarh population. The order of efficacy 
of tested subspp/strains was found as follows; Btk HD-73, Bt sotto, Bt aizawai, 
Bt Ml01, Btk HD-1, Bt thuringiensis, Dipel, Bt entomocidus, Bt galleriae and 
Btk path-1, respectively. 
Ruperez (1966) observed the excellent performance of subsp. 
entomocidus as compared to subsp. galleriae against fourth instar larvae of 
Thaumetopoea pitvocampa Boln. Balasubramanian et al., (2002) observed 
that B. thuringiensis subsp. galleriae formulation (Spicturin) was significantly 
effective in the reducing in larval population of H. armigera. Shternshis et al., 
(2002) observed that among the three S. thuringiensis subsp. viz., 
B. thuringiensis subsp. galleriae, dendrolimus and kurstaki, B. thuringiensis 
100 
subsp. galleriae was most relevant against Mamestra brassicae (L.), 
P. xylostella and Pieris brassicae L. 
Dias et al., (1999) studied eighty soil samples to examine the presence 
of B. thuringiensis and B. sphaericus. B. thuringiensis strains were 
characterized as serotypes; darmstadiensis, entomocidus, kurstaki, muju, 
sotto and xianguangiensis along with one new serotype. Seven B. 
thuringiensis subspp. kurstaki strains were found to be pathogenic to 
Spodoptera frugiperda (Smith) whereas, twenty two strains had pathogenic 
effect against Anticarsia gemmatalis (Hubner). None of the Bacillus strains 
registered pathogenic activity against Culex quinquefasciatus Say. However, 
Valicente and Fonseca (2004) studied 17 different strains of B. thuringiensis 
against S. frugiperda and found highest mortality by B. thuringiensis subsp. 
tolworihi and the lowest by S. thuringiensis subsp. kurstaki. 
The present findings are in the line with earlier workers. However, the 
inconsistency in effectiveness of the tested 6. thuringiensis subspp/strains is 
probably due to the difference in the variety of bacterium and the number of 
spores per gram of product. Moreover, the medium on which pathogen is 
grown also directly affect the toxicity as reported by Srivastava and 
Ramakrishnan (1980). 
This view of present author also gets the support from Herfs (1963) 
who noticed descending order of efficacy among B. thuringiensis supsp. 
galleriae > alesti > dendrolimus > thuringiesis > euxoae and sotto against P. 
brassicae and subsp. dendrolimus > galleriae > euxoae > thuringiensis > 
alesti and sotto against L. dispar. Broersma and Buxton (1967) noticed 
highest pathogenicity and mortality by subsp. galleria followed by 
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thuringiensis, sotto and finally alesti. However subspp. entomocidus and 
finitimus caused the lowest mortality and pathogenicity in Trichoplusia ni 
(Hubner). 
As regards LC50 values, it was found to be the lowest in case of 
Btk HD-73 and the highest for Btk path-1 against, S. obliqua larvae. Biswas et 
ai, (1994) observed the lowest LC50 value (0.08) for Btk (Dipel 8L) and found 
Dipel 8L acted most rapidly against 3"^ instar larvae of S. obliqua followed by 
Thuricide then Bactospeine respectively. In the present study the LC50 value, 
in ascending order, for different subspp/strains were as follows; Btk HD-73, 
Bt sotto, Bt aizawai, Bt N1C1, Btk HD-1, Bt thuringiensis, Dipel, 
Bt entomocidus, Bt galleriae and finally Btk Path-1. However the trend in LC 
values (LC90, LC95 and LC99) was found to be changed. The lowest LC90 value 
was found in case of Bt sotto whereas, lowest LC95 and LC99 in case of 
efNICI. 
The present findings are in full agreement with Karim et ai., (1999) who 
observed a wide range of LC50 among local B. thuringiensis isolates against 
Scirpophaga incertulas (Walker) and Cnaphalocrosis medinalis (Guenee). 
The studied of Adachi and Grey (1996) also strengthen the findings of present 
author. They studied LC50 values for two B. thuringiensis formulations, 
Toarrow-Ct and Bacilex against P. xylostella. LC50 for Bacilex was 78.8 ppm 
whereas, it was 96.0 ppm for Toarrow-Ct. Gujar et ai, (2000) noticed that HD-1 
caused highest pathogenicity against five days old larvae of Heliothis 
anriigera (Hubner) and has LC501-71 a.i. ppm, followed by Biobit and Biolep. 
However, Silva et a!., (1999) noticed 12.3-fold lower LC50 for B. thuringiensis 
subsp. kurstaki strain S93 against third instar larvae of S. fmgiperda as 
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compared with the standard B. thuringiensis subsp. kurstaki strain HD-1. In 
the present study too overall S. thuringiensis subsp. kurstaki proved better 
over the other subspp/strains used but within the kurstaki strains wide variation 
among LC50 values was observed which is in line with Silva et al., (1999). 
While considering the slope value, the critical survey of literature 
reveals that B. thuringiensis generally gives typical low slope value. Similar 
results have also been reported by Srivastava and Ramakrishnan (1980) 
against the lepidopteran insects while testing other preparations of 6. 
thuringiensis. Similar trend were also reported by the earlier workers and this 
may be possibly because of the change in manufacturing process or due to 
the difference in feeding habit of insect species (Morris, 1973). 
So far as the quick effect of microbial insecticides is concerned, it was 
found much faster in Bt thuringiensis followed by Btk path-1 against the larvae 
of S. obliqua. No doubt, Kumar and Jayraj (1978) also reported the effect of 
different 6. thuringiensis strains against the larvae of Pericallia ricini (Fab.), 
but the preparations used by them were different. Therefore, direct 
comparison of the present findings could not be made with their results. 
The survey of literature reveals that 6. thuringiensis subsp. kurstaki is 
the most potent variety of B. thuringiensis against the lepidopteran pests 
(Srivastava, 1984; Ajanta et al., 1999; Dias et al., 1999 and JianHong et al., 
2000). In the present study too, subsp. kurstaki of 6. thuringiensis either in the 
form of Btk HD-73 or Btk HD-1 or Dipel proved superior in comparison to 
other subspp/strains used in the study. This finding is in consonance to the 
reports of earlier workers. 
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5.2 EFFICACY OF DIFFERENT B. THURINGIENSIS SUBSPP/STRAINS 
AGAINST LESS SUSCEPTIBLE POPULATION OF S. OBLIQUA 
In the present study attempts have been made to evaluate the 
susceptibility of S. obliqua larvae collected from Indian Agricultural research 
Institute, New Delhi, field and it's comparison was made with that of S. obliqua 
population, collected from Aligarh (Uttar Pradesh) field, in relation with 
pathogenicity to different subspp/strains of B. thuringiensis. The following B. 
thuringiensis subspp/strains were evaluated to determine the bioefficacy 
against S. obliqua larvae; Btk Path-1, Bt galleriae, Bt sotto, Bt entomocidus, 
Bt thuringiensis, Bt aizawai, Btk HD-^, 6f/cHD-73, Bf N1C1 and Dipel. Results 
clearly revealed that all the subspp/strains tested offered an effective control 
of the test insect. Btk HD-73 manifested its superiority over the other tested 
subspp/strains, whereas, Btk path-1 registered the least effectiveness against 
the larvae of S. obliqua. In the present investigations the LC50 value for Btk 
HD-73 was found lowest one. Btk HD-73 was followed by Bt sotto, Bt 
aizawai, Bt N1C1 and Btk HD-1, respectively. However, Bt thuringiensis, 
Dipel, Bt entomocidus, Bt galleriae and Btk Path-1, respectively register high 
LC50 values. 
On the contrary of present findings Gujar et ai, (2000) noticed that HD-1 
caused highest toxicity against five days old larvae of H. armigera and 
determined LC50 value of 1.71 a.i. ppm, followed by Biobit and Biolep. Karim 
et ai, (1999) also observed a wide range of LC50 values among local 
B. thuringiensis isolates against S. incertulas and C. medinalis. 
Shternshis et ai, (2002) observed that S. thuringiensis subsp. galleriae 
was most relevant among the tested three 8. thuringiensis subspp. viz., 
B. thuringiensis subsp. galleriae, dendrolimus and kurstaki, against 
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M. brassicae, P. xylostella and P. brassicae. Broersma and Buxton (1967) 
noticed highest pathogenicity and mortality by subsp. galleriae followed by 
thuringiensis, sotto and finally alesti. Further they noticed that subsp. entomocidus 
and finitimus caused the lowest mortality and pathogenicity in T. ni. 
Valicente and Fonseca (2004) studied 17 different strains of 
B. thuringiensis against S. fmgiperda and found highest mortality by 
B. thuringiensis subsp. tolworthi and the lowest by S. thuringiensis subsp. 
I<urstaki. 
However the trend in LC values (LC90, LC95 and LC99) was found 
changed. The lowest LC90, LC95 and LC99 value was found in case of 
S^a/zavi'a/whereas, highest for Dipel. 
The difference in the order of efficacy of different B. thuringiensis 
subspp/strains from those of earlier workers might be due to change in the test 
insect and serotype used. 
5.3 COMPARISON OF EFFICACY OF DIFFERENT B. THURINGIENSIS 
SUBSPP/STRAINS AGAINST, DIFFERENT LOCATION POPULATION 
S. obliqua, collected from two different geographical locations were 
evaluated for their relative susceptibility against S. thunngiensis subspp/strains 
under laboratory conditions. To work out the differential susceptibility, respective 
LC50S, LC90S, LC95S and LC99S were considered and equated with the least LC50 
value registered by Dipel, which was considered as unity. Present findings reveal 
that most of the Delhi population was relatively less susceptible to all the 
6. thuringiensis subspp/strains, except ions in the Aligarh population was noticed 
only with three subspp/strains viz., Btl< path-1 (relative efficacy 1.299), 
Bt galleriae (relative efficacy 1.184) and Bt entomocidus (relative efficacy 1.099). 
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The results varied to some extent when LCgoS were compared. As per 
present investigation, LCgo values of Aligarh population when evaluated with 
Btk path-1 and Bt galleriae, were found to be least susceptible, followed by 
Bt entomocidus and Bt thuringiensis. Bt N1C1 and Bt a/zawa/when evaluated 
against Delhi population were found to be more effective than the treatment 
with Dipel against Aligarh population as indicated by their relative efficacy 
values (0.961 and 0.894), respectively. Similar effects were observed when 
the LC95S were compared. Bt aizawai and Bt N1C1 were found to be more 
effective than most of the treatments where in Aligarh population was used. 
The results varied more widely when LC99S were compared. There was a 
major shift in the relative effectiveness of different subspp/strains when evaluated 
against Delhi population. It may be noted that when LCgoS, LC95S and LC99S were 
compared, treatments with Bt galleriae and Btk path-1 against Aligarh population 
were seen consistently less susceptible to these subspp/strains. This variation may 
be due to some fringe heterogeneity in the population. 
The present findings are in agreement with Gujar et al., (1999) who 
collected P. xylostella larvae from different geographical regions of India 
and studied the efficacy of S. thuringiensis subsp. kurstaki serotype 3a, 3b 
(Dipel 8L) and one of its components, CrylAb. They observed that LC50 
value of CrylAb was 60.06 ppm for Delhi and 65.62 ppm for Gujarat 
population, which indicated tolerance of the latter. Similarly, LT50 for both 
populations varied from 72.42 to 33.35 hours depending upon treatments 
ranging from 40 to 150 ppm. They further observed that Delhi and 
Punjab populations were less susceptible with mortality ranging from 0.00 to 
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27.30 per cent as compared to a Karnataka population registering mortality 
from 86.60 to 93.30 per cent witliin 24 hours. Tliese investigations suggested 
tlie possibility of existence of tolerant populations of P. xylostella to the 
B. thuringiensis subsp. kurstaki in Delhi and Punjab populations in 
comparison to Karnataka population. 
Muthugounder et a/., (2000) also collected P. xylostella from 
13 locations in seven different states of India to study the base line 
susceptibility among the larvae infected with 6. thuringiensis subsp. kurstaki. 
They found that after forty-eight hours LC50 values varied from 1.0 to 10.97 
mg a.i. litre""". However, further investigations on the development of 
resistance revealed an increase in LC50 value from 2.76 to 5.28 mg a.i. Iitre"\ 
Mohan and Gujar, (2003) characterized the midgut proteases of 
resistant and susceptible populations of P. xylostella infected with 
B. thuringiensis and observed that differences in susceptibility of two 
populations to B. thuringiensis CrylAb were not due to midgut proteolytic 
activity. However, the proteolytic patterns of CrylA protoxins were similar in 
the resistant as well as susceptible populations of P. xylostella. 
The present findings are in the line with earlier workers. Delhi 
population, which was obtained from Indian Agricultural Research Institute 
fields were found to be less susceptible due to frequent use of S. thuringiensis 
based biopesticides in field. 6. thuringiensis being a ubiquitous soil organism, 
its survival in irrigated soil is relatively high. S. obliqua larvae moving on the soil 
surface would be infected with sub lethal doses of S. thuringiensis present there. 
These sub lethal doses would produce certain immunoproteins within the insect 
body, which would eventually develop tolerance to B. thuringiensis among the 
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population. S. obliqua larvae remains under constant selection pressure in the 
field. The constant selection pressure is not present in Aligarh; hence the larvae 
were more susceptible to all the subspp/strains of 6. thuhngiensis. 
5.4 EFFICACY OF SELECTED B. THURINGIENSIS SUBSPP/STRAINS 
AGAINST DIFFERENT LARVAL STAGES OF S. OBLIQUA 
The results on efficacy of B. thuhngiensis subspp/strains against 
different instars of S. obliqua make it apparent that all the instars were susceptible 
to the treatment of all the ten B. thuhngiensis subspp/strains used. The first instar 
larvae were found to be the most susceptible to the pathogen, while second and 
third instar larvae were next in order of susceptibility. The advanced stage larvae 
(fourth, fifth and sixth instar) of S. obliqua were comparatively less susceptible to 
the tested subspp/strains in terms of mortality. 
Although sufficient literature do exist on the effect of 6. thuhngiensis 
against variety of lepidopteran insects, but hardly any information exist with 
regard to the effect of different subspp/strains of B. thuhngiensis on different 
instars of S. obloiqua. Nevertheless, the work of Kumar and Jayaraj (1978) 
deserves the special mention here, who found that all the larval instars of 
P. hcini manifested positive response to Biotrol XK treatment, but they did not 
report any variability in degree of susceptibility among the larval stages of test 
insect. In the present study poor response of tested B. thuhngiensis 
subspp/strains to older larvae of S. obliqua may be due to the lower 
concentration of pathogen used against them. Since the LC50 value is directly 
proportional to body weight, low concentrations of pathogen would not record 
high mortality. Besides the concentration of B. thuhngiensis it's different 
subspp/strains also responsible for manifesting different response in terms of 
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mortality to the test insect. In the present study Btk HD-73 was found superior 
over all others tested B. thuringiensis subspp/strains by registering 75.83 
per cent mean larval mortality against all the stages of S. obliqua. However, 
Btk path-1 was found least effective against all the tested instars of S. obliqua 
by registering 60.22 per cent mean larval mortality. Gujar et al., (2000) 
reported variation in efficacy of different subspp. of B. thuringiensis against 
the larvae of H. armigera. Jian Hong et al., (2000) noticed that two different 
B. thuringiensis subspp. kurstaki and aizawai strains K9903 and K9805, 
respectively caused high biological activities against P. xylostella, S. exigua 
and C. pipiens. 
Among the six larval stages, males and females, the first instar, in 
comparison to second instar was found to be more susceptible to all the 
tested 6. thuringiensis subsp/strains except Dipel and Btk path-1 which 
caused low mortality. The second instar, in comparison to third instar were 
found more be more susceptible except Btk HD-73 which registered equal 
mortality in both the instars. The third instar larvae, in comparison to fourth 
instar larvae registered grater mortality to all the tested S. thuringiensis 
subspp/strains. However, fourth instar larvae, in comparison to fifth instar 
larvae registered greater mortality. Likewise fifth instar larvae in comparison to 
sixth instar larvae exhibited greater mortality to all the tested 6. thuringiensis 
subspp/strains. 
The present findings are in agreement with Biswas et a!., (1996) who 
observed that Dipel 8L caused the greatest mortality among early instars of 
S. obliqua in the laboratory. Pramanik and Somchoudhury (2002) determined 
the efficacy of 6. thuringiensis subsp. kurstaki against first to fifth instar larvae 
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of S. obliqua. They observed proportional relationship between larval mortality 
and concentration of microbial insecticide along with time exposued and anti 
proportional relationship to the growth of instars. The larval mortality in the 
present results indicated that first instar larvae registered maximum (80.40) 
per cent mortality against ail the B. thuiingiensis subspp/strains tested. 
However, third instar larvae recorded low (70.60) per cent mortality. Sixth 
instar larvae registered least (38.64) per cent larval mortality. 
Smirnoff (1981) and McLeod et al., (1982) also noticed that the 
younger instars of C. fumiferana, D. amatella and Galleria mellonella (L.), 
respectively were more susceptible to B. thunngiensis or its different 
commercial preparations in comparison to older instar larvae of the same 
insect. These results are in full agreement with the observations of the 
present author. The report of Govindrajan et al., (1975) and Morris (1986 and 
88) in case of Spodoptera litura (Fab.) and M. configurana, respectively also 
strengthen the results of the current study. Kulshrestha et al., (1965) did not 
observe any difference in mortality caused by Thuricide against third and 
fourth instar larvae of castor semilooper. However, difference in the mortality 
was observed in fifth and sixth instar larvae of Achaea Janata (L.). 
Singh et al., (2002) reported that third instar larvae of P. xylostella were 
the most susceptible to 8. thuiingiensis subsp. kurstaki, whereas first instar 
larvae were the least susceptible among all other larval instar tested. Singh et 
al., (2003) also noticed that Biolep caused highest efficacy against third instar 
larvae of P. xylostella, whereas neonate larvae were tolerant when compared 
to the latter instars. 
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Dulmage et al., (1978) noticed a critical growth phase responsible for 
changes in the susceptibility of the insect. They assigned this stage between 
hatch and the third instar of H. virescens. Once this stage is over, little 
difference occurs between treated and control larvae. 
Thus, on the basis of overall response of different larval instars of 
5. obliqua to tested B. thuringiensis subspp/strains, it can be concluded that 
first to third instar of the test insect is most suitable stage for the treatment. 
5.4 RESIDUAL EFFICACY OF SELECTED B. THURINGIENSIS 
SUBSPP/ STRAINS AGAINST S. OBLIQUA LARVAE 
It is widely accepted that insects exposed to crops treated with 
6. thuringiensis for different durations had differential response to their 
survival and rate of mortality. Dulmage et al., (1978) reported that larvae of 
H. virescens exposed for longer duration to B. ttiuringiensis treatment 
exhibited higher susceptibility and less recovery from infection, whereas the 
larvae exposed for short period demonstrated complete recovery from the 
infection of pathogen. Salama et al., (1981) observed that larval exposure for 
one day to high concentration of 6. thuringiensis subsp. kurstaki led to 100 
per cent mortality of H. amiigera after 21 days, while the larval exposure for 
two to three days resulted the same mortality (100 per cent) within fourteen 
days. Fast and Regnier (1984) also reported that extension of larval exposure 
of spruce bud worm to B. thuringiensis from one day to continuous six days 
resulted in 500 fold reduction in LC50 values. Ashfaq et al., (1998) reported 
when three days old larvae of Helicoverpa species were allowed for 12, 24 
and 36 hours to feed on B. thuringiensis treated leaves, the larval mortality 
was found significantly higher than in control. Dulmage et al., (1978) noticed 
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that the larvae of H. virescens exposed to B. thuringiensis for a short period 
could recover completely but capacity for recovery decreased as the exposure 
time increased. In a similar study Abdulsattar and Watson (1982) also noticed 
the ability of H. virescens larvae to recover from the infection of 
B. thuringiensis decreases as the exposure time or dosage rate increases. 
The present findings clearly indicate that exposure of S. obliqua larvae 
to different S. tliuringiensis subspp/strains at 0.1 per cent concentration for a 
shorter period (24-48 hours) resulted in low mortality or high rate of survival of 
the test larvae. However, the extension of exposure period (48-72 hours) 
imparted higher per cent mortality or low rate of survival of the test insect. 
Thus, the exposure of S. obliqua larvae for different durations has a positive 
co-relation with the mortality as also reported by earlier workers. 
Considering the effect of exposure period on LT50 values, it was found 
that when the larvae were exposed for longer duration less concentrations 
were required to give 50 per cent mortality of S. obliqua larvae whereas, 
higher concentrations were needed when larvae were exposed for shorter 
duration. This indicates that exposure period has a negative co-relation with LTso 
value of S. obliqua. Salama et al., (1981) carried out the studies on the effect of 
exposure time against the larvae of S. littoralis and H. armigera, subjected to 
different concentrations of 8. thuringiensis. They noted that at the higher 
concentrations larval mortality was 100 per cent irrespective of the exposure 
period. The efficacy of B. thuringiensis under Indian field conditions was found to 
decline very fast after spraying against the larvae of S. obliqua (Pramanik et 
al., 2000). 
112 
However, Gupta et al., (2000) noticed the efficacy symptoms in the 
larvae of H. armigera starts only within 24 hours but complete larval mortality 
(100 per cent) 120 hours after exposure. Thus, present results are in 
consonance to the findings of earlier workers. In the present investigation 
Bt sotto, Bt aizawai and Btk HD-73 were found to be the most persistent 
whereas, Btk path-1 the least persistent biopesticide. 
5.6 EFFECT OF LETHAL CONCENTRATION (LCgo) OF DIPEL ON THE 
POST EMBRYONIC DEVELOPMENT OF S. OBLIQUA 
5.6.1 Effect on larval development 
It is evident from the results of the experiment that lethal concentration 
of Dipel had marked effect on the larval development. In this context, it would 
be worthy to mention that surviving larvae of S. obliqua were significantly 
shorter in length and lighter in weight when compared with control. Infected 
larvae also manifested prolongation in larval duration besides poor pupation. 
Over and above this, more larval casualty was also noted in the treated 
insect. 
A thorough survey of literature revealed the lack of systematic study on 
this aspect. However, there are number of scattered reports on the fate of 
larvae which survived the treatment of S. thuringiensis, but the test insect 
employed by them were altogether different. Cantwell et al., (1986) observed 
an increase in larval duration by 7.5 days in Epilachna varivestis Mulsant 
when subjected to bacterial treatment. Matter and Zohdy (1981) also reported 
a similar trend in larval development of H. armigera. Tiwari and Mehrotra 
(1980) observed weight loss in the larvae of A. Janata when treated with 
B. thuringiensis, in contrast to weight gain in the larvae feeding normally. 
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Taluker et al., (1989) observed significant reduction in the weight and survival 
of early third instar larvae of S. obliqua, when fed on Dipel treated food. 
Navon et al., (1992) has also observed reduction in weight of H. virescens at 
larval stages when fed for 24 hours upon diet treated with lethal dose of 
B. thuringiensis subsp. kurstaki strain HD-73. Haque (1997) reported that 
Dipel against the fourth, fifth and sixth Instar larvae of S. obliqua caused 
significant reduction in larval length and weight along with prolonged larval 
period. Ajanta et al., (1999) observed 6. thuringiensis subsp. kurstaki 
products (Dipel, Biolep and Biobit) at LC50 level had adverse effect on growth 
and development of third instar larvae of H. armigera. In a similar study Gujar 
et al., (2001) noticed that larval growth of H. armigera significantly reduced at 
LC50 doses in treatment with HD-1 followed by Biobit and Biolep. The present 
findings were also found to corroborate with the results of the earlier workers. 
As regards larval length and weight of the treated insect, Narayan and 
Jayaraj (1975) observed an abatement of 47.8 and 46.1 per cent in length and 
weight, respectively in case of P. demoleus treated with 6. thuringiensis. This 
is in complete agreement with the report of present investigation. However, in 
present study the loss of weight in case of infected larvae of S. obliqua was 
noticed less than what has been reported by Narayan and Jayaraj (1975). 
This may be due to the difference in insect species or subsp. of 
6. thuringiensis used by them. However, contrary to the findings of earlier 
workers. Fast and Regniere (1984) did not find any difference in the weight 
gained or lost by the treated insects while comparing with control. In the 
present study, reduction in length and weight of S. obliqua is possibly due to 
the cessation of feeding at initial stage. This upholds the views held by Gujar 
114 
e^  a/., (2000) and Narayan and Jayaraj (1975) against the larvae of 
H. armigera and P. demoleus, respectively. 
As regards the effect of bacterial treatment on the larval mortality of the 
test insect is concerned, Khan (1999) observed higher mortality, caused by 
8. thuringiensis subsp. kurstaki against S. obliqua. In the present study too 
author recorded the significant larval mortality in case of S. obliqua. 
5.6.2 Effect on pupal development 
Consultation of literature on this aspect revealed that the resultant 
pupae from the bacteria infected larvae exhibited an adverse effect on their 
duration, size and survival. Sareen et ai, (1983) in S. litura and Fast and 
Dimond (1984) in C. fumiferana reported reduction in pupal weight after 
intoxication with B. thuringiensis. They further added that declination in weight 
of treated larvae was closely related with the concentration of pathogen used. 
So far as the effect of bacterial treatment on pupal weight is concerned, 
Abdul-Sattar and Watson (1982) and Luttrell et a!., (1982) observed an 
increase in pupal period of /-/. virescens after exposure to the bacterium. 
Salama and Zaki (1986) also noted prolongation in pupal period of S. littoralis 
when the larvae at prepupal stage were treated with two per cent 
concentration of Dipel. They found an increase of 14.86 per cent in pupal 
duration in comparison to control. Yang et al., (1985) also found poor pupation 
followed by poor adult emergence of S. litura, when treated with 
B. thuringiensis subsp. kurstaki 
In the present investigation also, it was observed that the pupae of 
S. obliqua, formed from the Dipel treated larvae were smaller in length and 
lighter in weight. Further, they took more time to reach the adult stage. These 
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findings are in full alignment with the reports of earlier workers. Considering 
the emergence of adult from the treated larvae, the present author has noted 
the poor emergence of S. obliqua moth when the larvae were treated with 
Dipel at 0.075 per cent concentration. Yang et a/., (1985) also held a similar 
view, while studying this aspect in S. litura. 
5.6.3 Effect on adult development 
In the present study, the moths which emerged from the treated larvae 
were significantly smaller in size and oviposited less in comparison to moths 
emerged from the untreated larvae. It has been further observed that the life 
span of such moth was remarkably shorter than those emerging from the 
healthy larvae. 
A thorough scan of literature divulged the drifting opinions regarding this 
aspect. Yang et al., (1985) recorded the total loss of oviposition in S. litura adults 
emerging from the Bacillus treated larvae. However, Khalique (1982) observed 
that the treatment of H. armigera larvae with 10 and 20 g. of spore-6-endotoxin 
complex of B. thuringiensis resulted in the reduction of fecundity and longevity 
of the moths. The present findings are in agreement with the results of Yang 
et al., (1985). Contrary to the findings of earlier workers, Salama and Zaki 
(1980) demonstrated that there is no effect on longevity and fecundity on 
H. armigera when heavy concentration of Dipel was applied at the prepupal 
stage of the insect. This variation may be due to the high concentration of the 
pathogen and different stages of the insect subjected to the treatment. 
As regards the viability of eggs, it is obvious from the results that there 
was no significant effect on hatching of eggs laid by the moth emerged from 
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treated and untreated larvae of S. obliqua. Similar observations have also 
been recorded by Dubois et al., (1988) in case of L. dispar. 
On the basis of overall development of treated larvae, it can be inferred 
that larvae of S. obliqua, after intoxication with lethal concentration of Dipel 
elicited detrimental effect on the biology of the experimental insect. 
5.7 EFFECT OF SUB-LETHAL CONCENTRATION {LC20) OF DIPEL ON 
THE POST EMBRYONIC DEVELOPMENT OF S. OBLIQUA 
Exposure of insects to sub-lethal concentrations of pesticides whether 
they are microbial or chemical is very usual and natural due to several biotic 
and a biotic factors besides improper coverage of plants, behavior of insects 
and faulty techniques of preparation of spray etc. as reviewed by Salama 
et al., (1981) The intake of sub-lethal concentration of biopesticides does 
affect the biology of the exposed insects. In the present context, author has 
discussed his findings under the following heads. 
5.7.1 Effect on larval development 
A thorough survey of literature revealed that scanty information is on 
record, however, the work of Dulmage and Martinez (1973) and Alford and 
Holmes (1986) needs a special mention here. They found that sub-lethal 
concentrations of endotoxin of 6. thuiingiensis resulted in prolongation of 
larval development. Brownbridge and Onyango (1992) observed prolonged 
larval period, low rate of pupation and adult emergence at sub-lethal dose of 
8. thuiingiensis subsp. kurstaki against Chilo partellus (Swinhoe). 
Li et al., (1995) have also noticed low body weight along with extended 
larval period in first instar larvae of Choristoneura roasceana (Harris) when 
treated with sub-lethal doses of B. thuiingiensis. 
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Gujar et al., (2001) studied the effects of sub-lethal concentration of 
6. thuringiensis subsp. kurstaki against the larvae of H. armigera and noticed delay 
in the larval period by two to three days. However, reduction in weight of 
H. armigera lan/ae, treated with sub-lethal concentration of B. thuringiensis have 
also been reported by Dulmage and Martinez (1973). The effect of sub-lethal 
concentration of this bacterium on poor pupation of many lepidopteron insects 
have been cited by a host of workers (Dulmage and Martinez, 1973 and Salama 
efa/., 1981). 
In the present study, author has also observed prolongation of larval 
duration, reduction in larval length, weight and poor pupation when the larvae 
of S. obliqua were exposed to sub-lethal concentrations of Dipel. These 
results are in conformity with the observations of earlier workers. 
5.7.2 Effect on pupal development 
With regards to pupal development of S. obliqua, it is obvious from the 
results that pupae formed from Dipel treated larvae were comparatively lighter 
in weight, shorter in size, took longer period for attaining the adult stage and 
resulted in poor emergence as compared to untreated control. Brownbridge 
and Onyango (1992) observed low rate of pupation and adult emergence at 
sub-lethal dose of B. thuringiensis subsp. kurstaki against C. partellus. Biswas 
etal., (1996) noticed longer pupation period, reduction in length and weight of 
the pupa at sub-lethal concentration of Dipel against S. obliqua. 
Contrary to that Salama et al., (1981) did not find any increase in pupal 
duration of S. littoralis and H. armigera after exposure of first instar larvae to 
different sub-lethal concentration of B. thuringiensis subsp. kurstaki 
(Thuricide), but in both the cases the pupal weight decreased significantly with 
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an increase in patiiogen concentration. Further, it also adversely affected the 
adult emergence. The results of the present study are in agreement with the 
findings of earlier workers. However, contrary to the earlier findings. Fast and 
Regniere (1984) observed that only the pupal weight of spruce budworm was 
affected adversely when the larvae come in constant contact with sub-lethal 
dose of 6. thuringiensis. The differential response to sub-lethal concentration 
may be due to the different insect species employed in the experiments by the 
earlier workers. The other important contributing factor may also include the 
phenomenon known as harmologosis. No doubt, the different response of 
insects to sub-lethal concentration of the pathogen involves the study of 
physiological and biochemical approaches to explain this intrinsic event. 
5.7.3 Effect on adult development 
The results on adult development clearly demonstrated that size of 
adult moth (body length and wing expanse) was not affected significantly by 
the larval treatment. However, there was a reduction in fecundity and 
longevity when compared with control. Biswas etal., (1996) noticed that Dipel 
at sub-lethal concentration caused adverse affect on adult development of 
S. obliqua. However, they did not notice great reduction in fecundity and egg 
viability of S. obliqua. Flores et al., (2004) also observed 8. thuringiensis 
subsp. israelensis (VectoBac) at sub-lethal concentration shortened duration 
of the developmental cycle of A. aegypti along with adverse effect on its 
fecundity. The present results corroborate with the observations of Salama et 
al., (1981) who reported remarkable decrease in fecundity of H. amnigera and 
S. littoralis, but no effect on their longevity. 
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On the basis of forgoing results, it can be inferred that sub-lethal dose 
of Dipel results in prolongation of larval and pupal period and reduction in their 
length and weight in addition to declination in fecundity of the test insect 
(S. obliqua). 
5.8 EFFECT OF DIPEL ON THE pH OF HAEMOLYMPH AND MIDGUT 
Critical scrutiny of existing literature reveals that considerable work has 
been done on this aspect, but hardly any attempt have so far been made in 
respect of the present insect species, S. obliqua chosen for the proposed 
study. However, in this context, the work of Kumar and Jayraj (1978) can not 
be over looked, but their observations on pH of haemolymph as affected by 
B. thuringiensis are conflicting and non-conclusive. In the present study, the 
pH of haemolumph of seven days old untreated larvae was acidic and it 
changed to alkaline when treated with Dipel. This finding is in alignment with 
the results of Angus and Heimpel (1956) and Kumar and Jayraj (1978). Hasan 
and Khan (1995) also observed marked change in pH of haemolymph, 
different parts of the alimentary canal and excreta of Sitophilus granarius (L.), 
infected with B. thuringiensis. The changes in the degree of pH may be due to 
the different stages of larvae treated with the bacterium. 
As regards the pH of midgut content, the present study demonstrate 
that it was alkaline in the healthy larvae while it changed after the treatment. 
A gradual decrease in the pH of the gut content was noted just 24 hours after 
the treatment and it declined to the extent of 7.13 after 96 hours of the 
infection. This finding upholds the views held by Angus and Heimpel (1956)., 
Kumar and Jayraj (1978) who also reported the abatement in gut pH of 6. 
moh and P. ricini larvae after the treatment with B. thuringiensis subsp. 
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sotto and Biotrol, respectively. Murugan et al., (1998) studied the combined 
effect of S. thuringiensis subsp. kurstaki (Dipel) and certain botanical 
insecticides on growth, feeding and nutritional efficiency of H. armigera. They 
observed complete inhibition of nutritional efficiency measures and digestive 
enzymes in the midgut of H. armigera and suggested that 6. thuringiensis 
subsp. kurstaki and plant extracts greatly affect the gut homeostasis and 
suppress the feeding physiology. However, Shao et al., (1998) examined the 
factors influencing protoxin activation in the midgut juice of H. amiigera and 
B. mori, infected with B. tliuringiensis subsp. kurstak\ strain HD-1. Results 
reveal that the pH of H. armigera midgut juice was not the direct factor leading 
to excessive degradation of protoxin. Inhibitors alone slightly retarded the 
growth of H. amiigera, but failed to kill larvae. 
On the basis of preceding results it could be concluded that Dipel 
undoubtedly increased the pH of haemolymph, but reciprocally decreased the 
pH of midgut. This biochemical change leads to general paralysis of the 
infected larvae and, thus, the insect finally die. Heimpel and Angus (1959) 
studied in the detail the mode of action of B. ttiuringiensis in many 
lepidopterans. They reported that general paralysis is caused due to damage 
of gut, permitting highly alkaline well buffered gut content to leak into relatively 
poor buffered blood and thus causing an increase in the blood pH. They 
concluded that an increase in the blood alkalinity is the root cause of general 
paralysis, which finally leads to the death of treated larvae. This explanation 
appears to be true in the histological study of infected larvae of P. ricini, as 
made by Kumar and Jayraj (1978). They observed damage of midgut 
epithelium as a result of bacterial toxin. Therefore, present finding not only 
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confirm the finding of Heimpel and Angus (1959) but also strongly advocate 
the occurrence of this phenomenon in the present insect species. In addition, 
there are several other scientist who believe thet damage of gut epithelium is 
due to the fall in gut pH. The fall of gut pH has also been reported to be 
associated with starvation of insects (Ramakrishnan and Pant, 1967). 
At present state of finding it may be concluded that the treatment of 
B. thuringiensis to the larvae of S. obliqua increase the haemolymph pH and 
reciprocally decrease the pH of gut content and this leads to general paralysis 
and finally the death of insect occur. 
5.9 EFFECT OF DIPEL ON HAEMOLYMPH PROTEIN 
As the literature reveals considerable work has been done on various 
aspects of insect's haemolymph protein, but little is known about the effect of 
Bacillus on the plasma protein of insect. No doubt, there are some relevant 
papers, but they do not deal at all with the present insect species. The study 
of earlier workers demonstrate that insect blood contains large amount of 
protein which is an important factor in maintaining the plasma pH, osmotic 
pressure and transport of lipid and fat bodies. The protein content change at 
different stages of insect life including larval instars. Wyat and Pan (1978) 
reported that young instar larvae contain less amount of protein, whereas old 
instars have the higher protein content. They also observed that bacterial and 
viral infection bring about the change in haemolymph protein. Abatement in 
blood protein in many other Lepidopteran insects (B. mori, S. litura) has also 
been reported as a result of starvation by Wyat (1961). El-Megeed et al., 
(19991) also reported that Dipel-2x is potential in causing alteration of 
haemolymph protein of O. savignyi nymph. 
122 
Latha et al., (1996) observed that B. thuringiensis subsp. kurstaki in 
combination with the additive chemicals @ 0.05 per cent, decrease the 
concentration of Na^ (2.47-3.61 m eq/l) and total protein (2.92-5.83 g/100 ml), 
and increase the concentration of K"" (34.79-42.78 m eq/l) in the larval 
haemolymph. Salama et al., (1999) also studied mode of action of 
S. thuringiensis against Ctiilo agamemnon Bleszynski and 0. nubilalis Hubner 
inside the laboratory. They observed quantitative changes in the proteins and 
free amino acids of the haemolymph. A marked decrease in the total proteins 
was observed. 
In the present study results indicate gradual fall of haemolymph 
protein in S. obliqua and it declined remarkably prior to the moribund stage of 
the test insect. Twenty four hours after the treatment 40.97 per cent fall in the 
haemolymph protein content was observed whereas, 96 hours after the 
treatment this fall reached upto 64.78 per cent. This finding is in conformity 
with the reports of Deshpande (1980). The fall in haemolymph protein may be 
possibly because of cessation of feeding which finally resulted in starvation. It 
has further been observed that as the starvation period advances, the protein 
content in the haemolymph of treated insect decreased. This reduction in protein 
content of haemolymph is due to the hydrolysis process as also reported by Wyat 
(1961). He observed that forced starvation in B. mori and S. litura leads to 
remarkable fall in the haemolymph protein content of the treated insects. 
Thus, from the forgoing discussion, it can be concluded that loss of 
haemolymph protein of Dipel treated larvae of S. obliqua is mainly due to 
starvation. 
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5.10 EFFICACY OF DIPEL IN COMBINATION WITH INSECTICIDE 
AGAINST THE LARVAE OF S. OBLIQUA 
Efficacy of Dipel alone and in combination with chlorpyrifos and 
endosulfan against third instar larvae of S. obliqua was evaluated and results, 
thus, obtained have been discussed below. 
The literature appears to be silent with regards to the efficacy of Dipel in 
combination with chlorpyrifos against the larvae of S. obliqua. However, there are 
number of publications which deal with the efficacy of Dipel, but those are against 
the other crop pests (Krishnaiah etal., 1981 and Morris, 1983). 
In the present study Dipel at LC50 concentration (0.075 per cent) in 
combination with chlorpyrifos (0.04 per cent) or endosulfan (0.07 per cent) 
resulted maximum mortality of S. obliqua larvae. This finding is in alignment with 
the results of earlier workers against other crop pests and chemical insecticides. 
Rao and Singh (2003) noticed that synthetic insecticides in combination with 
bio-pesticides show moderate effects on pest damage as well as on predator's 
populations, which are at par with alone bio-pesticide treatment. 
Present investigation reveals that Dipel at LC50 and LC20 value was 
compatible with chemical insecticides, at eight days after the treatment 
however, poor results were obtained at 24 hours after the treatment in case of 
Dipel alone against S. obliqua larvae. Arora et al., (2000a) noticed that five 
days after the treatment of B. thuringiensis the larval mortality of P. xylostella, 
in cauliflower field, was more than 80 per cent as compared to 53 per cent in 
standard, fenvalerate treatment. 
Krishnaiah et al., (1981) while testing the efficacy of Dipel against 
Ametta atkinsoni (Moore) observed that it was not effective at 0.05 per cent 
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concentration. Srivastava (1984) found that Dipel at 0.25 per cent 
concentration registered significant control of H. armigera. Biswas et a/., 
(1996) tested relative efficacy of endosulfan, BHC, malathion, quinalphos, 
fenvalerate and cypermethrin alone and in combination with sub-lethal 
concentration of Dipel against seven days old larvae of S. obliqua. They 
observed that Dipel was compatible with all insecticides and the insecticides 
at lower concentration register higher mortality, when mixed with Dipel against 
insect pests. 
According to Tan-Wei Jia et al., (1999) the sensitivity to fenvalerate in 
second instar larvae of H. armigera increase if the larvae were treated first 
with B. thuringier)sis for 24 hours. 
Considering the efficacy of Dipel over chlorpyrifos and endosulfan, the 
present investigation reveals that the chemical insecticides were more 
effective than Dipel alone. On the contrary, there are few workers, who found 
Bacillus formulations either superior or at par with the chemical insecticides in 
efficacy against lepidopteran pests, (Atwal and Singh, 1969 and Raja Mohan 
and Jayraj, 1978). 
As regards the effects of 8. thuringiensis in conjunction with chemical 
insecticides, several scientists have done the work on this aspect as reviewed 
by Jacques and Morris (1981). They highlighted the effect of bacterium with 
insecticides, which varied from additive to antagonistic against various 
important pests of agricultural crops. In the present study an additive effect of 
Dipel with chlorpyrifos and endosulfan at different concentrations has also 
been noted against the larvae of S. obliqua. Present study find the support of 
Shekhar and Joshi (1987) who noted an additive effect of the bacterium with 
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certain commonly used insecticides, but they did not try Dipel and chlorpyrifos 
or endosulfan in combination with each other against S. obliqua. 
The survey of literature also reveals that amalgamation of curtailed 
dose of pathogen and the chemical insecticide results in better control of 
insect pests. In this context, the work of Krishnaiah et al., (1981) is worth 
mentioning, who disclosed that coherence of Dipel (reduced dose) with lower 
concentration of insecticide (chlordimeform) offered good control of 
P. xylostella. In support of the earlier findings, present author have also 
noticed that Dipel in combination with chlorpyrifos or endosulfan at reduced 
concentrations yield significant mortality of S. obliqua larvae. 
It is obvious from the forgoing discussion that detailed investigations 
are warranted with the efficacy of insecticides and pathogen, when they are 
used alone or in combination with each other so as to arrive at definite 
conclusion. 
SUMMARY 
6.1 Attempts were made to evaluate the efficacy of different 
6. thuringiensis subspp/strains against S. obliqua larvae of Aligarh population. 
All the tested B. thuringiensis subspp/strains offered an effective control of the 
test insect. Btk HD-73 manifested its superiority over other and it was closely 
followed by Bt sotto. The next in the order of efficacy was Bt aizawai. 
However, Bt N1C1, Btk HD-1, SMhuringiensis and Dipel, respectively fall in 
the next line of efficacy. Last group of efficacy was formed by Bt entomocidus, 
Bt galleriae and Btk path-1 against the larvae of S. obliqua. 
As regards LC50 values, it was found to be the lowest in case of 
Btk HD-73 and the highest for Btk path-1 against S. obliqua larvae. The LC50 
value in ascending order for different subspp/strains were as follows: Btk HD-
73, Bt sotto, Bt aizawai, Bt N1C1, Btk HD-1, Bt ttiuringiensis, Dipel, Bt 
entomocidus, Bt galleriae and lastly Btk Path-1. 
6.2 Efficacy of different B. ttiuringiensis subspp/strains was evaluated 
against S. obliqua larvae of Delhi population. All the subspp/strains tested 
offered an effective control of the test insect but Btk HD-73 exhibited its 
superiority over other tested subspp/strains. Btk path-1 registered least 
efficacy against S. obliqua larvae. It was revealed that Delhi population has 
high LC50 values as compared to the population of S. obliqua collected from 
Aligarh field. 
The LC50 value for Btk HD-73 was found the lowest one. Next in the 
order of efficacy were Bt sotto, Bt aizawai, Bt N1C1 and Btk HD-1, 
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Bt thuiingiensis, Dipel, Bt entomocidus, Bt galleriae and Btk Path-1, 
respectively. 
In the present study overall S. thuiingiensis subsp. kurstaki proved to 
be better over the other subspp/strains tested but within the kurstaki strains 
wide variation among LC50 values was observed. 
6.3 S. obliqua, collected from two geographical locations were evaluated 
for their relative susceptibility against B. thuiingiensis subspp/strains under 
laboratory conditions. To work out the differential susceptibility, respective 
LC50S, LC90S, LCgss and LC99S were considered and equated with LC50 value 
registered by Dipel, which was considered as unity. 
Delhi population was found relatively less susceptible to all the 
8. thuiingiensis subspp/strains except ions in the Aligarh population was 
noticed only with three subspp/strains viz., Btk path-1, Bt galleriae and 
Bt entomocidus. 
The results varied to some extent when LC90S were compared. LC90 
values of Aligarh population when evaluated with Btk path-1 and Bt galleriae, 
were found to be least susceptible followed by Bt entomocidus and 
Bt thuringiensis. Bt N1C1 and Bt aizawai when evaluated against Delhi 
population were found to be more effective than the treatment with Dipel 
against Aligarh population. Similar effects were observed when the LC95S 
were compared. 
The results varied widely when LC99S were compared. There was a 
major shift in the relative effectiveness of different subspp/strains when 
evaluated against Delhi population. It may be noted that when LC90S, LC95S 
and LC99S were compared, treatments with Bt galleriae and Btk path-1 against 
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Aligarh population were seen consistently less susceptible to these 
subspp/strains. This variation may be due to sonfie fringe heterogeneity in 
the population 
6.4 The results on efficacy of B. thuringiensis subspp/strains against 
different instars of S. obliqua make it apparent that all the instars were 
susceptible to the treatment of all ten used B. thuringiensis subspp/strains. 
The first instar larvae were found to be the most susceptible to the pathogen, 
while second and third instar larvae were next in order or susceptibility. The 
advance stage larvae (fourth, fifth and sixth instar) of S. obliqua were 
comparatively less susceptible to the tested subspp/strains in terms of mortality. 
The poor response of tested 6. tliuringiensis subspp/strains to older 
larvae of S. obliqua was probably due to the lower concentration of pathogen 
used. Besides the concentration of 6. thuringiensis different subspp/strains 
are also responsible for manifesting different response in terms of mortality to 
the test insect. 
Btk HD-73 was found superior over all the tested 6. thuringiensis 
subspp/strains against all larval stages of S. obliqua. However, Btl< path-1 
registered least effectiveness. 
First instar in comparison to second instar was found to be more 
susceptible to all the tested B. thuringiensis subspp/strains except Dipel, 
Bt galleriae and Btk path-1 which registered significantly low mortalities. The 
second instar in comparison to third instar was found more susceptible except 
Bt sotto and Btk HD-73 which registered equal mortality in both the instar. The 
third instar in comparison to fourth instar registered higher mortality to all the 
tested B. thuringiensis subspp/strains. However, fourth instar in comparison to 
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fifth instar registered higher mortality. Lil<ewise fifth instar in comparison to 
sixth instar caused higher mortality to all the tested B. thuringiensis 
subspp/strains. As regard the larval mortality, first instar registered maximum 
mortality whereas, third instar recorded low mortality and sixth instar 
registered least mortality. 
6.5 Exposure of S. obliqua larvae to different S. thuringiensis 
subspp/strains at 0.1 per cent for shorter period (24 and 48 hours) resulted in 
less mortality of the test insects. The extension of exposure period (48-72 
hours) imparted higher per cent mortality. Considering the effect of exposure 
period on relative efficacy, it was found that when the larvae were exposed for 
longer duration less concentrations were required to give 50 per cent mortality 
of S. obliqua. However, higher concentrations were needed when larvae were 
exposed for shorter duration. This indicates that exposure period has a 
negative co-relation with relative efficacy of B. thuringiensis subspp/strains. 
Btk HD-73 was found to be the most persistent and Bf/c path-1 the least 
persistent biopesticide. 
6.6 Lethal concentration of Dipel has marked effect on the larval 
development. The surviving larvae of S. obliqua were found significantly 
shorter in length and lighter in weight when compared with control. Infected 
larvae also manifested prolongation in larval duration besides poor pupation 
and significant larval mortality in case of S. obliqua. 
It was also observed that the pupae of S. obliqua, formed from the 
Dipel treated larvae were smaller in length and lighter in weight. These pupae 
took more time to reach the adult stage. Considering the emergence of adult 
from Dipel treated larvae, poor emergence of S. obliqua moth was observed. 
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It was also noted that moths emerged from the treated larvae were 
significantly smaller in size and oviposited less in comparison to moths 
emerged from the untreated larvae. It has further been observed that the life 
span of such moth was remarkably shorter than those emerging from healthy 
larvae. As regards the viability of eggs, there was no significant effect on 
hatching of eggs laid by the moth emerged from the treated and untreated 
larvae of S. oblique. 
On the basis of overall development of treated larvae, it can be infen-ed 
that larvae of S. obliqua, after intoxication with lethal concentration of Dipel 
elicited detrimental effect on the biology of the experimental insect. 
6.7 Prolongation of larval duration, reduction in larval length, weight and 
poor pupation was observed when the larvae of S. obliqua were exposed to 
sub-lethal concentrations of Dipel. 
With regards to pupal development of S. obliqua it was noticed that 
pupae formed from the Dipel treated larvae were comparatively lighter in 
weight, shorter in size, took longer period for attaining the adult stage and 
resulted in poor emergence as compared to untreated control. 
The results on adult development clearly demonstrated that size of 
adult moth (body length and wing expanse) was not affected considerably by 
the larval treatment. However, there was a reduction in fecundity and longevity 
when compared with control. As far as viability of eggs is concerned that eggs 
laid by the moths emerged from treated larvae did not show any significant 
variation in their viability. 
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It can be inferred that sub-lethal closes of Dipel resulted in prolongation 
of larval and pupal period and reduction in their length and weight in addition 
to declination in fecundity of S. obliqua. 
6.8 The pH of haennolymph of seven days old untreated larvae was found 
acidic and it changed to alkaline when treated with Dipel. 
pH of the midgut content was alkaline in the healthy larvae and It was 
found to be changed after the treatment. A gradual decrease in the pH of the 
midgut content was noticed just 24 hours after the treatment and it declined to 
the extent of 7.13, just 96 hours after the infection. 
It could be concluded that Dipel undoubtedly increase the pH of 
haemolymph, but reciprocally decreases the pH of midgut. This leads to 
general paralysis and finally the death of insect occurs. 
6.9 Gradual fall in haemolymph protein of S. obliqua larvae was observed 
when the larvae were treated with Dipel. It declined remarkably prior to the 
moribund stage. Twenty four hours after the treatment, there was 40.97 per 
cent fall in the haemolymph protein content whereas, at 96 hours after the 
treatment this fall reached to 64.78 per cent. The fall in haemolymph protein 
may be possibly because of cessation of feeding which finally resulted in 
starvation. It was also observed that haemolymph of treated insect decreased 
with the advancement of starvation period. 
It can be concluded that loss of haemolymph protein in S. obliqua 
larvae, treated with Dipel is mainly due to starvation. 
6.10 Efficacy of Dipel alone and in combination with chlorpyrifos and endosulfan 
against third instar larvae of S. obliqua was evaluated. Dipel at LC50 (0.075 per 
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cent) concentration in combination with ciilorpyrifos (0.04 per cent) or 
endosulfan (0.07 per cent) resulted maximum mortality of S. obliqua larvae. 
It was also noticed that Dipel at LC50 and LC20 value was compatible 
with chemical insecticides at eight days after the treatment. However, poor 
results were obtained at 24 hours after the treatment in case of Dipel alone 
against S. obliqua larvae. 
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